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ot vinegar, the hquid is first evaporated in an earthenware 
basin on a hot-water bath, until a sixth part, “ which is 
the plegmatic Part," is expelled The remainder is then 
“ poured mto a glass or earthenware Cucurbit and dis- 
tilled in a strong Sand-heat, until there remains at Bottom 
nothing but a Substance like Honey ” 

“This Sprvt of Vinegar,” he adds, “is mixed in 
Cordial Potions to resist Putrefaction It is mixed with 
Water, and this Oxycrate is used to stop Hemorrhagies 
taken inwardly, and to asswage Inflammations applied 
outwardly 

“ Neither Vinegar, nor any other Acids are proper for 
melancholy Persons, because they mix the Humoures too 
much They also turn those who take much of them 
lean , for they give too great Consistency to the Blood, 
and do hmder the Chyle from distributing itself suflficiently 
through the Body to give Nourishment ” 

Bomesfle Hanufaeture. — Long before any vinegar maker 
was established m this country wme vinegar appears to 
have been imported from Prance In that strange 
collection of domestic recipes handed down from genera- 
tion to gmieration m the Panfax family, and published 
in faesnmle by WeddeU,* there is one relatmg to the 
pir^ipacaijlion of “ ^rrupp of Viniger " m handwriting which 
appeals to belong to the tune of Queen EbEabeth In 
tins redpe ike primeval constituent is '‘white wine 
vmiger,” and as no diieotaons are given for making it, 
such as those for Ike brewing of beer and cowslip wine, 
the miJhng of rimples for warding off the plague and 
oaring the bite of a mad dog, or the preparation of 
baifks for melancholy, it seems fssr to infm? that vmegsr 
*Armm 1899 . 
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PREFACE 


Considering the age of the vinegar industry in this 
country, it is strange that no book has yet been published 
deahng with the subject from the Enghsh point of view. 
This IS partly due to the fact that until a comparatively 
recent date the manufacture of vinegar was regarded 
as a mysterious process, all details of which had to be 
jealously guarded, not only from the outside world, 
but also, as far as possible, from the workmen in the 
factory itself Even at the present day this tradition 
of secrecy is not quite dead, although the general prin- 
ciples of the manufacture are now common property 

The information in chemical dictionaries has been 
mainly derived from American, French, and Geiman 
books, which in some respects are obsolete, and in any 
case do not embody the experience of writers acquainted 
with the conditions of acetification in England 

At the request of the Publishers I have attempted to 
fill this gap, and have tried to make clear the scientific 
principles underlying each stage of the manufacture, 
and to indicate the lines upon which development of the 
industry is possible 

In the analytical portion of the book I have assumed 
that the reader will have a general knowledge of analytical 
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chemistry, and have omitted details to be found m any 
ordinary text-hook With regard to the interpretation 
of analytical results, I have laid stiess on the present 
unsatisfactory state of the law, and have pointed out 
the difficulties which this uncertainty causes both to the 
manufacturer and to the pubhc analyst 
It gives me great pleasure to acknowledge the assistance 
I have had from various friends m writing the book, and 
in particular I would thank Messrs Beaufoy & Co and 
Major Hamilton Pott for allowing me to use historical 
and other material in their possession 
I have also to acknowledge my indebtedness to Messrs. 
Pontifex & Co for the loan of blocks illustrating 
machinery made by them 

My best thanks are also due to Miss M B Blhott for 
the help she has given me in reading the proofs 


White Cottage, 

The Common, 

Ameesiham:, 

Buckinghamshire 
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VINEGAJR 

ITS MANUFACTURE AND EXAMINATION 


CHAPTER I 

HISTORICAL INTRODUCTION. 

Early Scientific Views Vinegar m Alcliemy and latro-Chemistry — ^Domestic 
Manufacture — Early Manufacturing Processes — ^Alegar — Vinegar Manu- 
facturers — ^Legislation on Vinegar — ^Proof Vinegar — ^The Acetometer — 
Trade Numbers of Vinegar 

Vinegar in Alchemy and Early Chemistry. — Passing over 
various allusions in the Classics to Acetum, and the fable 
of its use by Hannibal to dissolve the Alps, we find that 
vinegar had its recognised place among the products 

of the alchemist, and was indicated by the symbols 
and X , while for distilled vmegar the characters and 

were used These symbols were retained after the 
transition of alchymy into what has been termed “ latro- 
chymistry/^ from its being mainly concerned with the 
action of different bodies upon the human system The 
doctrmes of the alchemists were discarded but slowly, 
and we find that even at the beginning of the eightemth 
century all natural things were held to consist of the 
five pnnciples — Spirit, Oil, and Salt (which were active), 
and Water and Earth (which were passive) 


1 



2 VINBGAB ITS MAUTJFAOTUEB AND BXAMINA'nON 

According to Lemery * there were three sorts of liquors 
known as Sfvrvt, the 8i^nt of Anmak, the Burrnm^ 
8fvrii of Vegetables, 'and the Add 8jnrvt The first was 
typified by Spint of Hartshorn, the second by Spirit of 
Wine, while the last, as “the Spint of Vinegar, Tartar, 
and Vitnol, is an Acid Essential Salt, dissolved and put 
in fusion by the fire, as I shall prove when I speak of 
Vinegar.” f 

In di s fi iipaiTig the nature of vinegar, Lemery remarks — 
“ Wmes like other Liquors that use to ferment do grow 
sowr by the Dissolution of their Tartar m a second fer- 
mentation This Dissolution is commonly made, when 
iqxm the Wmes going to decay, some of the more subtle 
^ints are lost , for the Tartar takmg their Place, fixes 
the rest of the Spints which remam m the Wme, so that 
they can act no longer. This Fixation is the Cause that 
when the Wme turns sowr, very little quantity of it is 
diminished, and very httle Tartar is found m the Vessels 
wherem Vtnegar is made 

“ To the End that Wme may qmckly sowr, you must 
set the Vessel that contains it m some hot Place, and mnr 
the Lees from Tune to Time , for this Tartar wiU easily 
dissolve when Heat comes to act upon it “ The 

Aicads (in Vm^r) continue a long Time, but bemg 
moved and continually agitated by the Sulphurs which 
mtangLed them, they at last evaporate mto the Air, 
and so the strongest Vmegar by length of Tune becomes 
almost insipid.” 

The following passage is ot mterest, smce it throws 

’ A Uomrae cf Ohgmtaty (4«i Engluh edition from lltt Frenoh edition), 
1720, p. 6 

p 404. 
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light upon the term ‘ rad/kcal ” vinegaj, which survived 
mto the last century,* and also shows that a concentrated 
acetic acid was prepared from distilled vinegar by neutral- 
isation, concentration, and redistillation, as far back as 
the seventeenth century — ‘ Some havmg dned and 
calcmed the sweet Extract that remams at the bottom 
of the Cucurbit, after the Distillation of Vvnegar, and 
having by Solution, Filtration and Coagulation, separated 
from it an Alkah fixt Salt, much like to that which is 


e A portable furnace for distilling 
with a fire of sand 
f The ash room and its door 
g „ hearth and its door 

A ,, cucurbit 

head 

i „ receiver 

I „ cucurbit apart 
m „ head apart 


Fig 1 —Early Apparatus for Distilling Vinegar 

drawn from Tartar, they mix it with Sp^nt of Vmegar, 
and distil and cohobate it divers Times, until, say they, 
the Spmt has earned oft all the Salt, and then will needs 
have it called Spirtt of Vmegar Alkahzed, or Badmtl 
Sfvnt of Vinegar , and they affirm that this bemg much 
more pure and entirely umted with its proper Salt, is 
much the more powerful m dissolving Metals ” 

In the directions given by Lemery for the distillation 
* See the Act of George III. ot 1818, p 12. 
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oivuiegar, the hqmd is first evaporated m an earthenware 
baan on a hot-water bath, until a sixth part, “ which is 
the pl^matic Part,” is expelled The remainder is then 
“ poured into a glass or earthenware Cucurbit and dis- 
tiUed in a strong Sand-heat, until there remains at Bottom 
nothmg but a Substance hke Honey ” 

” This Sprtt of V%negar“ he adds, ” is mixed in 
Cordial Potions to reast Putrefaction It is mixed with 
Water, and this Oasycra/te is used to stop Hemorrhagies 
taken inwardly, and to asswage Inflammations applied 
outwardly 

“ Nfflther Vinegar, nor any other Acids are proper for 
melancholy Persons, because they mix the Humoures too 
much They also turn those who take much of them 
lean , for they give too great Conastency to the Blood, 
and do hmder the Chyle from distributing itself suflflciently 
through the Body to give Nourishment ” 

Bomestle Hanufoctuie. — ^Long before any vmegar maker 
was established m this country wme vmegar appears to 
have been imported from Prance In that strange 
colleotion of domestic recipes handed down from genera- 
^n to gmeration m the Fairfax family, and pubhshed 
in faesnmle by Weddell,* there is one relatmg to the 
p®qparaifcion of " ®irupp of Vimger ” m handwriting which 
ajpeara to belong to the tune of Queen Blwabeth In 
this recipe the piinoipal constituent is "white wine 
vmiger,” and as no directions are given for it, 

such as ihose for tho brewing of beer and cowslip wine, 
tile m a kin g of timpks for warding off the plague and 
oaring the bite of a mad dog, or the preparation of 
batiis for melancholy, it seems fair to infer that vumgar 
♦ Arcam 
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was not made in that household at all events Not 
until the eighteenth century (judgmg by the wntmg) 
do we find an entry in the mdez relatmg to the 
making of vinegar, and the recipe corresponding to 
this IS not to be found m the body of the manu- 
scnpt 

The process of brewmg home-made vmegar was pro- 
bably veiy similar to that described by Mackenzie,* 
in the followmg words — 

‘ To every gallon of water put a lb of coarse Lisbon 
sugar, let the mrstuie be boiled and skimmed as long 
as any scum arises Then let it be pouied mto proper 
vessds , and when it is as cool as beer, when worked, 
let a warm toast rubbed over with yeast be put mto it 
Let it work about twenty-four hours, and then put it 
mto an iron hooped cask, fixed either near a constant 
fire, or where the summer sun shmes the greater part 
of the day, m this situation it should not be closely 
stopped up , but a tile or somethmg similar should be 
laid on the bung hole, to keep out the dust and mseots 
At the end of about three months (sometimes less) it 
will be clear and fit for use, and may be bottled off The 
longer it is kept after it is bottled, the better it will be. 
If the bottle contaanmg the hquor is to be exposed to 
the sun’s heat, the best time to begm makmg it is in the 
month of April ” 

Early Hanulaeturiiig Processes. — ^The earhest descnp- 
tion of a process of makmg vmegar appears to be that 
published m 1670 m the Transactiohs of the Royal Society 
under the headmg “ The Way of Makin g Ym^ar m 
TVance Commnmcated to tiie Pubhsher by an In- 
* One Thousand Processes Mcmufoxture, 1828. 
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gemous Physician of that Nation, hvmg at a Place where 
much of it IS Made ” * 

Since this account throws light upon the origin of 
terms used to this day in the English vinegar industry, 
and disposes of the claim that Boerhave originated 
the process here described, it deserves quotation at 
length — 

“They take two great Casks, within each of which 
they put at the bottom a Trevet, which must be one foot 
high and as large, as the largness of the Cask permits 
Upon this Trevet they put Vine twiggs, whereon they 
lay a substance called Bafe, with which they fill both 
vessels within half a foot from the top This Rape is 
nothing else but the wood or stalks of the Clusters of 
Grapes The Trevet and the Vine branches are put at 
the bottom of the Casks, only to keep the Rape from 
settmg at the bottom It is this Rape which alone heats 
and sowrs the Wine The two Vessels being almost 
quite filled with the Rape, one of them is filled up with 
Wme, and the other only half full for the time , and 
every day they draw by a Cook half the Wine that is 
in the full vessel, therewith quite to fill up the other, 
that is but half full , observmg enterohangeable turns of 
filling and unfilling the vessels Ordinarily at the end 
of two or three days the half filled vessel begins to heat, 
and this heat augments for several dayes successively, 
contmuing to do so till the Vinegar is perfectly made, 
and the workmen know that the Vinegar is made by the 
ceasmg of the heat In summer it is a work of fifteen 
dayes , m winter it proceeds more slowly, and that 
according to the degree of Cold weather The full vessel 
* Phi Trans Roy Soc , 1670, vol v, , p 2002 
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IS quite open at the top, but a wooden cover is put on 
the vessel that is but half full 
“ The Wine in changing, leaves a certain grease, which 
sticks partly to the sides of the Cask (and iMt they take 
care to do clean away), ^partly to the Eape, so that if 
they cleanse not the Rape from it almost every year 
once, the Wme turns mto a whitish hquor, which is 
neither Wme nor Vmegar In the Casks which have 
never served for this purpose before the Vmegar is 
made more slowly than m such that have been used 
already 

“There is no othei way of keepmg the Rape that 
hath once served already than to drown it , that is to 
say, to fill the vessel wherem it is with Wme or Vmegar.” 

The account given by Boerhave * of the French method 
of manufacturing vmegar is substantially the same as 
this version of 1670, and there seems to be httle doubt 
but that many Enghsh manufacturers denved their 
information from one or other of these sources 
Alegar. — ^The Enghsh bemg a beer-dnnkmg nation, 
it was to be expected that the development of the vmegar 
mdustry m this country should have come by way of 
beer rather than of wme By analogy the product 
^derived from beer became known as “alegar,” which 
stood m the same relation to ale as vmegar to wme 
Boorde f m the year 1642 refers to both products m 
his “ dyetary,” where he speaks of “ Soure and Tarte 
Thynges as Venegre and Aleger ” 

The distmotaon between the two products was pomted 

* A Nevj MeSwd of Chemistry by Boerhave English translation by 
Peter Shaw, 1763, vol u , p 129 

iFtrstBokeof Introduction qf Knowledge Ifidn of 1870), vol xzziy ,p 296. 
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out by Cogan * in 1586, m a passage upon the making 
of vmegar, where he remarks — “ Some make it of Ale 
onely but that is rather Ahger than Viniger ” 

The term ' aJ^ar ” is still to be foimd in glossaries 
of local words, but is probably now practically as obsolete 
as IS the old home-made product obtained by adding a 
“ vmegar plant ” to sour beer 
The vmegar manufacturer evolved out of the brewer , 
for the production of vmegar was the obvious way of dis- 
posmgof souibeerwhethermthe household or the brewery 
It is probable that the earhest Enghsh products were 
nothing more than ale partially converted mto vmegar 
by long exposure to the air Subsequently the French 
methods of manufacture were adopted and “wash " was 
specifically brewed for the purpose 
Vinegar Mmufaeturers.—In the Revenue Act of 
CSiadai n (1673), the vmegar thus produced as a waste 
psoduet m the “common breweries” was termed 
“ Vm^ar-Beer,” and had to pay a duty of sixpeuce per 
barrel (as against Is 3d duty upon six-shdlmgs’ beer). 

date of the establishment of the first vmegar 
factory as distinct from the “ common brew-house ” 
is imcertam, but there was undoubtedly a “vinegar 
yard” in Oastie Street, Southwark, as far back as 1641 f 
This yard belonged to a man named Rush, “m whose 
family it rrauained a considerable and improving manu- 
factory unfal the year 1790, when it came mto the lianas 
of the presmt propnetors ” J 

* Oog&n,* Emeu EeaM. 


fmOorya^AfOiqmtKa m tlU PmA of St Bcmour, SotOmuk 1795 

^ ^ yard m the sane 

^ * established m 1720 Early m the present oentioy Ifce firm 

beaame amalgamated with Messrs BeBnfoy&(fe 7 » own 
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The only name m the Excise list of vinegar makers 
for 1764, which is still connected with the mdustry, is 
that of Beanfoy. 

Early in the eighteenth century Mark Beaufoy, a 
member of the Society of Fnends, estabhshed vinegar 
works on the site of the old Cuper's Gardens on the 
Suirey side of Waterloo Bridge, and withm a few years 
they had become the third m importance in London 
Pennant,* wntmg m 1792, makes the foUowmg allusion 
to these works m his description of London — There is 
a magnificence of business in this ocean of sweets and 
sours, that cannot fad excitmg the greatest admiration, 
whether we consider the number of vessels or their 
size The boasted tun of Heidelberg does not surpass 
these On first entermg the yard two nse before you, 
covered at the top with a thatched dome , between them 
IS a circular turret mcluding a winding staircase, which 
brings you to their summits above twenty-four feet m 
diameter. One of these conservatories is full of sweet 
wme, and contams fifty-eight thousand one hundred and 
nine gallons of Wmchester measure , its superb associate 
IS full of vinegar to the amount of fifty-six thousand seven 
hundred and mnety-nme gallons 

In 1812 the ground occupied by these works was re- 
quired for the southern approach to Waterloo Bridge, 
and the manufacture was transferred to its present site 
in South Lambeth 

A Report of an Excise Commission which preceded 
the alteration of the method of collectmg the duty upon 
vinegar showed that up to the year 1834 there were 
seventy-seven thousand dealers in vinegar m Great 

* London, 3rd edition, p 34 
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Bntain, every one of whom received twelve visits a year 
from the Excise officers In this report it was also stated 
that about three milhon gallons of vmegar were brewed 
in Great Bntam and Ireland, for more than lialf of which 
five firms m London were responsible 
iu the yeai 1844 there were forty-four vinegar makers 
(excluding manufacturers of acetic acid), and they 
produced m that year 2,828,043 ganons of proof vmegar, 
upon which a duty of £24,745 7s 6d was paid In the 
following year there were 65, but by the year 1860 the 
number of vmegar makers had fallen agam to about 
50, and they stiU produced about 3,000,000 gallons 
annually* 

Considerable hght is thiown upon the dovolopmont 
of vmegar makmg m this country by a study of the 
successive Acts of Parhament 
l«^Ia1ion upon Vin^;ar. — Although -the legislation m 
connection with vmegar has been mainly concerned 
with the purposes of revenue, it yet at the same time 
gives many mteiestmg details of the mdustry In the 
year 1673, an Act of Parhament was passed (XII. 
CSar n Cap 24) imposmg a duty of 6d per gallon for 
every Barrel of Beer commonly called Vmegar-Beer 
brewed by any common Brewer in any common Brow- 
House, the work of inspection to be earned out by the 
“gagers” of beer, metheglyn, etc Apparently the 
revenue suffered from the evadmg of this duly, for in 
the year 1696 (YU and Vm. Wm HI 0. 30) a penalty 
of forty shillings was imposed for every barrel of vinegar 
concealed from the gaugers, or sent out of the works 
without due notice to the Excise officers. 

* Muspratt, D%ctx<mary of Ohmufry, I860, p. 86. 
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In the following reign, by an Act passed in 1710 (VIII 
Anna, C 7), the duty upon vinegar was increased to 
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Pig 2, — Facsimile of Excise List of Vinegar Brewers, 1763- 


9d per barrel, and remained at that rate throughout 
the whole of the following century 
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By the Act of VI Geo III C 14, it was enacted that 
cider and peny that had turned sour and become unfit 
for sale were to pay duty as vmegar, while in 1796 
(XXXVI Geo in C. 72) ymegar-makers were not allowed 
to have a distillery upon the same premises They were 
also, before obtaimng a hcence, obhged to declare whether 
th^ mtended to make vmegar from malt or com, or from 
molasses or sugar 

In 1818 (LVin Geo III C 66) the old duties were 
repealed, and a duty of 4d per gallon levied upon vmegar, 
vin^ar-beer, alegar, radical vmegar, verjmce, acetous 
amd, aoetao acid, pyrohgneous amd, and hquors mtended 
for vmegar made in England and Ireland, and of Is per 
gallon iq)on imported vmegar and acetic acid, with a 
drawback of 4d per gallon for exported products upon 
which the duty had been paid 
To prevent the mtroduction or sale of strong acetic 
amd upon which only the duty for common vmegar 
had been paid, it was enacted that " aU such hquors 
shall be tned with such acetometer as may be devised 
by the Commissioners of Excise If found above proof 
a proportional charge was to be made for the excess ” 
*‘Pro<fi” vmegar was defined m this Act as that con- 
taining ‘ such strength of Acetous Acid that 100 parts 
of the Liquor by Weight shall saturate or neutralize 

I4i parts by weight of crystallized subcarbonate of 
soda.”* 

No foreign amd was to be added to vmegar except 
sulphuric acid m a proportion not exo'eeding one 
thousandth part by weight {8ec 25) 

Moieover, no person was allowed to mate vinegar 
* This corresponded to 4*74 per cent of the so-called " dry ” aoid. 
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from malt or other fermentable matter at any place 
used for the preparation of acetous acid 

The drawback allowed by this Act, for exported 
vinegar upon which the dulgr had been paid, was sub- 
sequently, in 1821 (I and II Geo. IV. C 102), made 
proportional to the acetic strength as estimated by an 
acetometer 

Tour years later (VI Geo IV C 37), the excise duty 
upon vm^ar was again altered to 16s 8d for 100 gallons, 
and by VI Geo TV C 81, the hcenee for the manufacture 
of vin^ar was fixed at £5 per annum 

In the foHowmg reign two Acts concerning vmegan 
were passed. In 1833 (HI Guhelm IV C 56) the 
customs duty was fixed at £18 18s per tun, while in 
1836 (VI and VII Gulielm IV 0 66) the Act of George 
m dealing with the collection of the excise duty was 
repealed so far as it concerned the retailers of vm^ar. 
This change was made upon the report of Commissioners 
who estimated that the number of dealers and retailers 
was yeiy large (see p. 9), and that the continual inspec- 
tion of the stock was expensive and unnecessary, smce 
the duties might be much more readily collected from 
the manufacturers 

In 1840 (HI Viot C 17) an additional charge of 6 per 
cent, upon the customs and excise duties upon vinegar 
was imposed, but four years later the excise duty upon 
vinegar was entirely abohshed (VII. and VHI Vict. 
C 26), though a manufacturer's hcence was still required, 
while the customs duty was fixed at £4 4s per tun of 
proof vmegar or acetic acid (VH Vict C 16) The 
hc^ce for having a vinegar still or retort was fixed in 
1846 at ten shillings a year (IX, and X Vict C 90) 
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Proof innegar.— With the repeal of the duties upon 
vinegar and acetic acid, the word “ proof acid ” became 
obsolete, and the acetometer, by which the strength 
was ascertained, became a curiosity of the past The 

terms ‘ proof,” — and so on, still hnger, however, in 

the vocabulary of the older workmen m vinegar and 
acetic acid works, while discarded acetometers may 
stall survive here and there, although they have long 
shce ceased to be made 

Smce, however, they have historical mterest in the 
vmegar mdustry, a bnef outlme may be given of the 
method by which the revenue officers determined the 
strength 

The acetometer was a particular form of hydrometer, 
having a silver cup to receive weights at the top of its 
stem These weights were added imtil the hydrometer 
sank m the hquid to a mark made upon the stem The 
scid or vinegar to be tested was first diluted with an 
■equal volume of ram water, and neutralised by the 
addition of slaked hme mtroduced m shght excess As 
considerable heat was produced by the neutralisation, 
the liquid was always cooled to 70° P. before testmg. 
In the case of vinegars an extra weight marked M 
(“ the mucilage weight ”) was used to compensate for 
the sohd matter, and the reckoning taken from the 
numbered weights subsequently used. The weight 
“ 10 ” 

marked — p— mdicated the strength of the “ best vinegar ” 

freed from sohd matter (“ mucilage "), and was the 
strength fixed by the Act of George III. as “ proof acid.” 
The 20 weight mdicated twice that strength of vmegar, 
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the 30 weight thiee times the strength, and so on up to 
80, which corresponded to 35 per cent over proof, or the 
strongest acid upon which duty was charged by means 
of this mstrument Theie weie also three mtarmediate 
weights, 8, 4, 2, and two fractional weights, 1 and 



Fig. 3 —Obsolete Excise Acetometer. 


The specific gravity of the calcium acetate solution was 
approxunatdy double that of the ongmal acid Thus, 
an aoid of spedfic gravity 1 009 showed 1 *018 m the acetate 
solution. Vmegar of the same strength would show about 
1 023, from which 0 006 would be deducted for the 
mudlage or extract. The proportions of acetic ac^d 
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correqKmdmg to the acetometer strengths were thus 
aefoUoTO — 

AcetomefteTj J 1 2 4 8 20 30 40 60 60 70 80 

Aeetioaoidl 025 0 5 1 2 4 5 10 16 20 26 30 36 40 
(per cent ), / 

As a matter of fact, the strength of “ proof vinegar ” 
was only approximately 5 per cent., the neutrahsation 
value fixed by Act of Parhament corresponding to a 
vmegar containing 4 74 per cent of “ real ” acetic acid 
(see pp 12, 60) 

The estunations of the acidity made with this instru- 
mmit were very rough, and the variations m the amounts 
of sohd matter were so great m different vmegars that 
the allowance made for them by the “ mucilage weight " 
could at best be only approximately correct 
In Nicholson’s Dictionary of Ch&nmky (2nd ed ), 1823, 
it IS stated that Taylor’s acetometer was based upon the 
foflowmg table — 

Revenue Peooe Acid, called by the 
Manueactubeb No 24 

gr 1 0085 contams real acid m 100, 5 



10170 

'3 

39 

10 


10267 

93 

33 

15 

*9 

1*0320 

33 

33 

20 

39 

1*0470 

33 

39 

30 

33 

1 0580 

33 

33 

40 


“ The acetac acid or radical vmegar of the apothecaries, 
m which they dissolve a httle camphor or fragrant essen- 
laal oil, has a specific gravity of about 1*070 ” 
l^Ede Numbers of Vm^^ar. — As a rule, vinegar is not 
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sold to the retailers in aecordanee with acetic strength, 
but IS described by the numbers 16, 18, 20, 22, and 24 
Th6 ongm of these numbers has been attnbuted to 
the pnce m pence per gallon at which the vinegar was 
once sold, but even in 1842 it was stated * that “ although 
the price no longer accords with these numbers, the num- 
bers themselves have been retained as symbols whereby a 
oertam quality of vinegar may be known and designated ” 
This explanation is borne out by Phillips^ Tramlatwn, 
of the PTiarmacopceta, for the year 1824, where it is stated 
that “ the strongest vmegar is termed proo/ vinegar, 
and by the manufacture! called No 24 It is estimated 
to contain 6 per cent of leal acetic acid, and the maker 
IS allowed to tuty one-thousandth of its weight of sul- 
phuric acid with it ” 

On p 18 of the same edition the writer makes it clear 
that by “ real ” acetic acid is meant what we now term 
acetic anhydnde, but what was then regarded as the 
hypothetical " dry ” acid, and he states that 50 grams 
of real acetic acid neutralise 153 grains of crystalhsed 
subcarbonate of soda {i e , crystalhne sodium carbonate) 
Calculated upon this basis, the proof vinegar of the Act, 
or No 24 vmegar, contained 4 74 per cent of “ real ” 
acetic acid, or 5 5 per cent of acetic acid as is now under- 
stood by the term 

The other explanation of the trade numbers is given 
by Muspratt,f who states that “proof vmegar has 
a specific giavity of 1-0086, and contains about 6 per 
cent of acetic acid In commerce this vmqgaiC k 

* The Peimy Magmme, 1842, p 430 The same expbniattoi h A&A 
giren in Tomlioson’s OydopaedM of Us^fd Arte, 1854 p< 7> 
i]>tctwmry qf Ohemdry, 1860, p. 32 
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represented by No 24, from the fact that 24 gi*aans 
of pure dry carbonate of soda are required to neutraJise 
a fluid ounce Weaker vmegars are represented by the 
Nos 18, 20, 22, according to their strength, and, as m 
the foregoing instance, these figures equaJ the number of 
giams of carbonate of soda that will saturate a flmd ounce ” 

The chief objection to this explanation is that the 
strength of proof vmegar was estimated according to 
the Act of George III., not by means of anhydrous sodium 
carbonate, but by neutralisation with “ orystalhsed 
carbonate of soda,” which corresponded to the modem 
crystallme sodium carbonate (Na2C08 + IOH 2 O) Accord- 
ing to this, proof vmegar contained 4 74 per cent of the 
hypothetical ” dry ” or ” real ” acetic amd, and not 
6 27 per cent, as would be required to comply with 
Muspratt's explanation 

The statements m Philhps’ TranslaMon (mpa) aio 
conclusive upon the pomt, for they show that the term 
“ No 24 ” was in use soon after the passmg of the Act 

On the basis of tbs latter explanation, wbeh was 
accepted by many vmegar manufacturers, the “ numbers ” 
of the different vmegars would have the followmg strengths 
in terms of ” real ” or “ dry ” acetic acid and its oorre- 
^onding modem equivalent — acetic acid. 


Number Of Vmegar 

«*Dry" or “Beal” Acetic 
Acid 

Acetic Acid 


Per cent 

Pex cent 

16 

34 

4 1 

18 

39 

46 

20 

4 38 

616 

22 

4 76 

6*6 

24 

527 

6-2 
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In practice there has been no uniformity upon this 
point among different manufacturers No 16 vinegar, 
for example, has been sold at strengths ranging from 
3 5 to 4 2 per cent , while No. 24 has usually contained 
from 5 5 to 6 0 pei cent of acetic acid, and has seldom 
been bold at a strength of 6 2 per cent 

Some yeais ago a still weaker vinegar than No. 16 was 
known to the trade as ‘ Diamond Vinegar,'" but since 
the recommendation of the Local Government Board as 
to the strength of vinegai, the sale of any vinegar 
weaker than 4 pei cent is hable to be followed by a 
prosecution 
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CHAPTER n 

THEORIES OF ACETIC FERMENTATION. 

Barty Theories of Aoetafication— laebig’s Theoiy— Pasteur’s Views — 
Uagdi’s Meohaaioal Theory— Later Enzymic Thoones— Tho Enzyme 
of Vmegar Bacteria — Omdatiou and Beduchon Procossos 

Early Theories of Aeebfleation.— The conditions neces- 
sary for the successful acetification of alcoholic liquids 
were known empmcaUy long before it was recognised 
that the oxidation of alcohol into acetic acid, as practised 
in yinegar works, was of a process analogous to the 
fermentation of sugar mto alcohol Vanous phenomena 
in the manufacture of vinegar were recorded, but not 
xmtil the 19th century was well advanced was there any 
plausible attempt to explain their sigmficance 
For example, m 1822, Persoon made a nuoroscopical 
study of the films that develop upon wme and beer when 
CTposed to the aor, and found them to be made up of 
cells resembling yeast cells He gave to those peDioles 
the general name of Mycod&ma (muomous skin), but 
did not associate them with the development of 
amdity 

Berzehus, m 1829, extended his theory of catalytic 
action to cover the function of the mother of vmegar 
m acetifieation, but attnbuted the fermentation not to 
any hvmg cell or product of a hvmg cell, but to the 
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action of the acetic acid enclosed within the pores ” 
of the mucinous skm 

Then m 1837 Kutzing esammed the skm, and descnbed 
the small cellular structmes, arranged m chains, of which 
it was composed He recogmsed that these were hvmg 
organisms, and regarded them as algae {Umla aceh), by 
the "Vital activity of which alcohol was transformed mto 
acetic acid 

laebig’s Theory. — ^In the year 1839 Liebig* pubhshed 
his theory of the nature of alcohoho fermentation, and 
extended it to cover also the fermentation of alcohol 
mto acetic acid This theory had many pomts m common 
with that of Stahl (1697), for both looked upon the 
ferment as a body m a state of decomposition, and capable 
of impartmg its motion to surrounding bodies Liebig, 
however, mcluded all processes of fermentation under 
ordmary chemical actions, and m support of his view 
that a small quantity of one substance could bring about 
changes m large quantities of other substances, cited 
phenomena such as the solution m mtnc acid of platmum 
alloyed with silver, and the action of mtnc oxide m the 
production of sulphunc acad 
In particular, the fact that platmum black could 
promote the oxidation of alcohol to acetic acid was 
regarded by Liebig as a pioof that the ferment m vinegar, 
“ the mother of vmegar,” also acted purely by chemical 
means The protems composmg it underwent decom- 
position and commumcated their motion 
Liebig subsequently modified his opmion to the ^stent 
that fermentations were caused by enzymes produced 
within the hvmg cells, and that the physiological growth 
* J ^raU, Ohm , 1 , 86 , 312 
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of the cells had nothing to do with the termentation 
itself, but was merely the means by which the enzyme 
was developed * 

In another place f he elaborates these views — 

“An atom or molecule put m motion by any power 
whatever may commumeate its own motion to another 
atom m contact with it 

“Hydrogen, from bemg m contact with decaying 
substances, acquues the power of combimng with oxygen 
at the common temperature 

“ Other mflammable gases, both simple and com- 
pound, are affected under these circumstances m exactly 
the same manner as hydrogen The vapour of alcohol, 
for example, when m a vessel containing wood or other 
substances m a state of decay, absorbs oxygen from the 
atmosphere, and becomes transformed mto aldehyde, 
and subsequently mto acetic acid, which, upon aHi=iiiming 
a fluid state, is withdrawn from the further influence of 
the oxygen 

“It is upon this power of substances undergoing 
decay to mcrease the attraction of all organic substances 
for oxygen, and especially the afifimty of alcohol for this 
element that a speedy process for acidifymg alcohol 
was based, which is termed the ‘ Sohnellessig-fabnkation,' 

(» ‘ quick vm^ar process ’ 

The transformation of fermented hquors mto ymogai*^ 
formerly required weeks, and even months, to acoomphsh 
m consequence of the imperfect access of the air : we can 
now convert alcohol mto vmegar m less than twenty- 
four hours , wid this is effected mamly by making brandy 

*Anmdesii der Ohm u Pham , 1870, obu 
fLiebifi^ Leftere on Ohemetry, London, 1861, p 216 
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diluted with water, or any other weak spmtuous hquor, 
tnckle slowly through casks filled with wood shavings, 
and at the same time causing a shght stream of air to 
circulate through these shavings 
“ At the commencement of this process it is usual 
to add to the dilute spirit a small quantity of some sub- 
stance contaming matter capable of undergoing the 
process of decay, such as beer wort, honey, vmegar, 
etc , but after the lapse of a very short time, the surface 
of the wood shavmgs passes mto a state of oxidation, 
and from that moment effects the transformation of the 
spint mto vmegar without the further co-operation of 
extraneous decaying matter ” 

In a later paper* Laebig expressed the opmion that 
the mother-of-vmegar was not essential to acetic fer- 
mentation, but that its place could be taken by dead 
vegetable matter “ It is unquestionable,'' he says, 
“ that mother-of-vmegar is capable of effecting the 
oxidation of alcohol mto acetic acid, but this action 
does not depend upon a physiological process Alcohol 
requires for its conversion mto acetic acid only oxygen, 
and thus the Mycoderma aceh cannot and does not give 
to it out of its own substance The analysis of the aar 
leavmg the acetifiers shows that the oxygen required 
for the oxidation of the alcohol is taken from the air, 
and the only part that the mother-of-vmegar can take 
m this process is that of promotmg this absorption ; it 
13 only active by virtue of this chemical process, and 
its place as a hvmg plant can be taken by a laige number 
of dead substances and parts of plants " 

Pasteur's Views on Acetifieation. — ^The weaght c£ Liebig's 

* 4wudm der Ohm. u dm , 137> 
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authority prevesuted the views of Kutzmg (siipra) gaimng 
much acceptance, and it was not until the year 1864 
when Pasteur’s expemnents confiimed the conclusions 
of Kutzmg, that the vitahstic theory of acetifioation 
began to prevail, and that the acetic fermentation was 
recognised as bemg inseparably connected with the 
presence of hvmg organisms 
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Iig 4— Pasteur’s Drawing of Myeodenm aeeii 


Pasteur observed many of the facts recorded by some 
of his predecessors, but he made also the first systematic 
study of the process of vmegar-makmg, and was the 
first to prove that no acetic fermentation could take 
pla<» m the absence of the so-called fungus Mycodema. 

lake Kutzmg, he found that this mycoderma was 
composed of distmct cells, and in a lecture given in 
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1868 to the vmegax mamifacturers of Orleans he illus- 
trated the structure of the “ fungus ” by the drawing 
here reproduced 

He was the first to suggest that a distinction should 
be made between the pelhcle formmg upon fermentmg 
wme and that upon sourmg wine, and that the name of 
Jklycod&ma mn% should be given to the former, and that 
of Mycoderma aceh to the latter 
For veiy many years these names were generally 
accepted, but the work of Hansen and others {%nfra) 
showed that the organisms composmg “ mother-of- 
vinegar ” were m reahty bacteria, and ought, therefore, 
to be distinguished from the yeasts which composed 
the pelhcle of Mycoderma mm In fact, Pasteur con- 
cluded that theie were many reasons for r^arding 
Mycoderma aceh as a parasite of Mycod&rma mm 
In his treatise upon the Fermentation of Vmegar * 
Pasteur showed that the vinegar Mycoderma could be 
grown upon a neutral fimd containing alcohol, and that 
in its growth it absorbed oxygen from the air 
The experimental apparatus by which he proved this 
fact IS shown in the accompanying figure 
As the pelhcle developed upon the hqmd m the flask 
the oxygen was slowly absorbed, and the mercury con- 
tained m the basm, L, gradually rose m the tube D E 
Subsequently the gases remaining m the flask were 
withdrawn mto the eudiometer F G H, while the amount 
of acetic acid produced was estimated by titration of 
the hqmd. 

In answer to Liebig’s assertion (p. 23), that the 
function of the Mycoderma was a purely chemical one, 
* Mmotn mt la Fmmtahm Acetigve, Pans, 1868. 
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and that its place as a promoter of oxidation could be 
taken by dead vegetable matter, Pasteur replied that, 
while such a notion was conceivable, he was not concerned 
with this or that theory, but only with the fact that 
every fermentation of alcohol into acetic acid resulted 
in the spontaneous development of My(x>derim acet% in 
the hquid m the casks It was, moreover, possible to 
keep beer yeast for many years in contact with ferment- 



hg 5— Pasteur's Experiment illustrating the Absorption ot Oxygon 


able flmds, and m commumoation with the air in fer- 
m^taMmi vessels, without the slightest trace of vin^ar 
being produced, so long as there were no indications 
of the appearance of Mycod&nna acett. 

Upon the question of the presence of a specific oxidising 
ferment as distinct from the vital processes in the hving 
organism, Pasteur did not express any dogmatic opmion, 
although from the general trend of his arguments he 
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appeared to have a strong leaning towards the view 
that both aleohohc and acetic fermentations were purely 
physiological processes mseparable from the h*e of the 
organisms effecting those feimentations, and he summed 
up his position in the matter by quoting the following 
words of Dumas * — “ There are doubtless cases in which 
a secret agency of hving organisms, such as, for example, 
those which are found m association with vmegar fer- 
mentation, IS conceivable , but so long as the feiments 
in question have not been separated from the rest of the 
materials and the phenomenon attributed to them de- 
monstrated, the doubt as to their actual existence must 
remain ” 

While reoogmsmg that the vinegar “ fungus was not 
the same organism as the wme “ fungus ” or yeast, 
Pasteur did not agree with the view first put forward 
by Stack, t that the vmegar organism could be classified 
with the bactena 

Nageli’s Mechanical Theory. — In 1879 NagehJ put 
forward a meohamcal theory to explain the nature of 
fermentation processes According to this theory the 
molecular groups composing the protoplasm of an organ- 
ism mducing fermentation are m a state of molecular 
vibration These vibrations it is able to communicate 
to other compounds with which it comes into contact, 
so as to produce also withm then molecules specific 
vibrations which result m the destruction of the equili- 
brium and the formation of new compounds 

A sharp distmotion is drawn between femeotatiaiii 
and enzymic action, the enzymes bemg regarded as 

^ Chimie Appltquie mx Arts^ yi » 341 (1843) 
t Intdleotual Obaerm', 1863 t Theom der Qa^hirmg, 1876 
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replaceable by chemical agents, wheieas a ferment can- 
not exist apart from the hving cell It is only when woik 
IS to be done at some distance from the cell that the 
organism excretes an enzyme 

Applying his theory to the acetic fermentation, Nageh 
suggested that the protoplasm of the acetic bactena 
was in a condition of molecular vibration, and that the 
vibrations were imparted, in the fiist place, to the mole- 
cules of alcohol and oxygen that had penetrated into 
the baoteiial cells, and were thence oommumcated to 
the molecules outside the cells As soon as the vibrations 
reached a certain pitch of mtensity the molecular equih- 
bnum was destroyed, chemical reaction took place, and 
a new senes of bodies m another phase of equihbnum 
was produced Part of the acetic fermentation thus 
occurred withm the cells of the bactena, but tho greater 
part took place m the surrounding medium Tho fer- 
mentation was thus accomplished ui two stages, the 
equihbnum of the molecules bemg first destroyed, and 
new compounds then formed under the influence of the 
foices set m motion by the oommumcated vibrations 

Later Enzymic Theories. — ^In the later modification of 
his theoiy (p 23), laebig adopted a position which 
receives expenmental support from the discovery and 
isoktum of the enzymes m yeast, and later m the acetic 
bactena by Buchner 

It has been seen that, m their earher form at aU events, 
Liebig's views were diametncally opposed to any such 
vitahstic theory as that suggested by Kutzing 

According to Liebig, " mother-of-vmegax " was not 
a hvmg organism, but consisted of structureless precipi- 
tated albummous matter, which acted like platmum 
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black by imparting to the oxygen and alcohol its vibra- 
tions, so that these enteied into combination 

Liebig's final position with regard to the question 
of enzymes was thus practically the same as that held 
by Traube * in 1858 Traube's hypothesis was that in 
each orgamsm producing fermentation there was present 
an enzyme of defimte chemical composition, which had 
the power of transfeiiing oxygen from one part of a group 
of molecules to another These enzymes were of two 
kinds — ^viz , (1) reducing enzymes, which could transfer 
combined oxygen, as in alcohohc fermentation , and 
(2) oxidising enzymes, which were capable of conveying 
free oxygen to other bodies, as in the fermentation of 
alcohol into acetic acid Both groups of enzymes were 
assumed "to act meiely by conveying oxygen, and not 
by commumcating their own vibrations to the ferment- 
able substances 

This theory of specific enzymes in bodies inducing 
fermentation was subsequently developed by Hoppe- 
Seyler, who concluded that the hving organisms produced 
the ferments required for the particular fermentation, 
but that these ferments or enzymes were exceedingly 
unstable bodies, which were inseparable from the proto- 
plasm, and became inactive when the organism died 

The Enzyme of Vinegar Bacteria. — ^When Buchner f 
had succeeded m isolating the enzyme zymase from yeast, 
and m proving that it was possible to effect alcohohc 
fermentation lv means of preparations entirely free from 
hvmg cells, attempts were made to separate enzymes 
from various bacieria by similar methods of grmding 
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up the cells with quartz sand and kieselguhr, and sub- 
jecting the mass to hydrauhc pressui-e. 

But m every mstance the hqmdn expressed from 
acetic baetena were mert, and incapable of effectuig 
the oxidation of alcohol It thus appeared as though 
the oxidising function of the bactciia wore more inti- 
mately connected with the vital processes of the organ- 
isms than m the case of the alcohol-producing enzyme 
m yeast, and the failure of these early experiments to 
separate an oxidismg enzyme confirmed the views of 
those who held that the acetic fermentation was purely 
a physiological process It was only because the oxida- 
tion was an exothermic process of a specifio character 
that there was any evidence for still regarding the acetic 
fermentation as bemg due to a defimto enzyme 

It was not until 1906 that Buchner and Gaunt * suc- 
ceeded m demonstrating, by a totally different method, 
that such acetic enzymes really existed. The peUicles 
of “ mother-of-vmegar ” forming upon alcoholic liquids 
m course of acetification were freed from water by centri- 
fugal force, and the residual mass of bacteria was treated, 
while still moist, with acetone. The resulting fluid 
acetone preparations were stable and capable of oxidising 
alcohol Any possibihly of hving cells was eliminated 
by adding a small amount of toluene. The preparations 
made from cultivations of bacteria grown at 10® to 22® 0 
were more active than those grown at 28° 0 In the 
experimental fermentations the stable acetone prepara- 
tions were ground to a paste with 2 to 4 per cent, of 
alcohol and chalk and 4 per cent, of toluene, and the 
mixtures were exposed for three dhys to a ourrenb of 
Annakn, 190$, ooozlif 140. 
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air at 28° C As a rale, not more than 0 5 to 2 per cent 
of acetic acid was obtamed, the maximum yield bemg 
4 pel cent 

The prepaiations also possessed the same property as 
the hving bacteria of oxidismg propyl alcohol to pro- 
piomo acid From the results of these experiments there 
can be no reason for doubting that acetic bacteria owe 
their oxidismg powers to the presence of one or more 
enzymes 

It has recently been found by Wieland* that the 
enzyme thus prepared firom Hansen’s B (mt% may be used 
instead of palladium black as a catalytic agent for the con- 
version of alcohol into acetic acid, and that it is capable 
of effecting the change m the absence of free oxygen, 
provided that a substance such as qumone or methylene 
blue IS present The function of the oxygen m the methyl- 
ene blue IS to absorb the hberated hydrogen, and thus 
prevent its combining with the palladium and rendering 
it mactive In the light of these experiments, the enzymio 
process, which is usually regarded as one of oxidation, 
must be regarded as a dehydrogenation process In 
fact, Wieland considers that he is justified m regardmg 
all oxidations as due to dehydrogenation, and that there 
IS m reality no essential difference between processes of 
reduction and of oxidation. 


* jBer d Ohm Ctis , 1913, zlvi , 3327 
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CHAPTER in 
THE ACETIC BACTERIA. 

Myeodema ace*»— Hamsm’s Three Species— Zoogloeal Condition— In- 
Tohtiott loms— Other Aoelao Baetena— Action of Light on Aoctic 
Bactena — Use of Pore Cultures 

The Myeodema oceft— For many years after their 
discovery the small organisms that compose the struc- 
ture of “ mother-of-vmegar ” were regarded as mould 
fungi or yesipts, the superficial resemblances between 
the pelliele formed upon hqmds m course of acetification 
and that formed upon wme by the yeast then termed 
Mycoderma mm lending support to this view 
The su^estion of Stack (p 27) that Mycoderma acet% 
was produced by bacteria was not accepted by Pasteur 
(1868), notwithstanding the fact that he states ho had 
obsOTved under the microscope mdications of the multi- 
phcation of the cells by fission* One of the oarhest 
authonties to recognise the nature of these micro-organ- 
isms was Cohn,t who m 1872 mcluded them among the 
baetena 

Hansen’s ITnee Spedes.— It was not until 1878, when 
Hansen | published the results of his mvestigation into 
the nature of the micro-organisms that cause beer to turn 

* Loc at , p 63 

tCohn, Beitrage zur Biohgie der Pfbmzmy ii, 127 (1872), 

{ See Gompt Bml Lcib , Cwrkha^g, 1894, lu , 1900, v 
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sour, that it became known that the acetic fermentation 
might be brought about by several species of bacteria 
Subsequently it was discovered by Lafar* that at 
least one species of budding fungi was capable of efleoting 
the conversion of alcohol into acetic acid 
The three ^ecies of acetic bacteria which were 
thoroughly studied by Hansen f w^e given the names of 
Bactemm aceh, B Pastmrianmn, and B Kvizingmnmn, 
and they differ from each other m their form and their 
behaviour when grown upon an alcohohc culture-medium 
such as beer 


mimmm 




Fig 6 — Bactermm aceti 
(after Hamm) 


Fig 7 — Bacterium Fasteuriamm 
(after Hansen) 


Boscienum aceU, when grown m beer exposed to the 
air, at a temperature of about 34° 0 , speedily develops a 
moist smooth skm, m which are markmgs resembling veins. 

B. Pastmnmum, also develops a pelhcle withm twenty- 
four hours, but the skm m this case is dry and has a 
corrugated appearance 

* Oom/pi Bend Lab , CarUberg, 1894, p 182 
t GeuftnUbl Bdkter , 1893, xiu , 1864 
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B. Eutztn^num forms a skin somewhat resembling 
that produced by B aceti, but dififenng from it m the 
way m which it spreads upwards at the edges. It also 
causes turbidity m the hqmd, after coohng, which is not 
the case with the other two species 
The geneial appearance of the cells composmg the 
pelhcles formed by these three species is shown in E^g 6 
It will be noticed that the cells of B aceU are smaller 
and narrower than those of the other two species, and 
that they form more compact chains than B Pastern- 
imum In the case of B Kubmgmmm isolated cells are 
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the rule, and chain formations the exception The con- 
stnoted “figure-of-eight” forms observed by Pasteur is 
a fcequent oharaotenstio of the cells of B. Pastewrnmm 

Zoofijoal Condiflons.— The curious pelhcles formed by 
these and other acetic bactena upon the surface of the 
hqmd m which they develop are zooglcsal forms produced 
by the swelling and cohesion of the walls of adjacent cells 
into a compact muemous mass. 

Whmi a portion of one of these pelhcles is examined 
under the microscope, the structure of the mucinous 


THE ACETIC BAGTBEIA 


35 


layer between the cells is invisible, but when stained by 
Lofflei’s method the cells may be seen imbedded m their 
gdatmoiis envelope. 

An example of this is shown m Fig 9, which represents 
a portion of the peDicle of B Pastewumum, stamed m 
this manner The three lowest spaces on the left show 
the mnemous membrane devoid of the bactenal cells, 



these having been crushed durmg the preparation of the 
specimen 

The mudnous membrane of one of Hansen’s three 
Epeoies, B KiUm^mmn, when freshly grown upon a 
nutnent hqmd, may be stained blue by a solution of 
lodme, and when now examined under the miiaroscqpe 
the cells (stamed yellow) will be seen enveloped m a blue 
medium In the case of the other two species the cells 
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are stained yellow by the iodine, but the mucinous 
membrane remams colourless 
Involution Forms of Acetic Bacteria.— A remarkable 



property, which appears to be common to all the species 
of acetic bacteria, is that of changing its form under the 
influence of temperature The discovery and investiga- 



THE ACETIC BACTEBIA 


tion of tHs plienomenon by Hansen* formed part of a 
research which ias now become a classic. 

Hansen found that when the cells of the bacteria. 




Fig. 12 — ^Transfomiation of B Pasteunmum 

freshly gro-wn at 34° 0. (see Pig. 10), were trajisferred 
to a similar medium (a hght beer), and maintained at a 

♦ Loc. c%t 
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temperature of about 40° C , long rod-shaped forms were 
developed (Eig 10), and these gradually extended into 
long threads, some of which attamed a length of 200 fi 
(Rg 11) 

On now exposmg these filaments to the imtial tem- 
perature of 34° C they began, after a few hours, to pro- 
duce bulbous swellmgs m different places (Figs 12, 14), and 
finally both the rods and the bulbous cells become split 
up mto short rods (Fig 13), leavmg only the thick walls 
of the bulbous cell [d, Fig 13) unchanged 



Eig 13 — B of Swollen Threads* 


On exammmg the culture after twenty-four hours, 
all signs of the long thread formation had disappeared 
and the bacteiia had reverted to their origmal form of 
chains of cells (Figs 10, 14) 

Th^e morphological^ changes were thus mainly de- 
pendent upon the temperature of cultivation, although 
they were also influenced by the composition of the 
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culture medium and the age of the bacteria Cells that 
were more than two days old formed the long filaments 
with much less readmess than quite young ceUs 

Similar involution forms were observed in the case 



Eig. 15 — ^Filaments of B acet** 
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of the other two species discovered by Hansen. The 
filaments produced by B aceU were thinner, and attained 
more than twice the length of those formed by B Pasteur- 
mnum (see Fig. 15), while occasionaUy branchings were 
observed (Fig 16) 



On the other hand, the filaments of B. Kuiziu^tanum, 
were much shorter than those of the other two species. 
Hansen also recorded the occurrence of analogous for- 
mations, when other species of acetic baotena, including 
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those discovered by Zeidler,* were cultivated at higher 
temperatures. 

Other Acetic Bactena* — species of acetic bacteria 
quite distinct from those described by Hansen was 
isolated by A J Brown f from malt wort in course of 
acetification, while three new species were isolated by 
Henneberg | in 1897, and several more later § 

There is some reason for doubtmg whether aU these 
species are really distinct or whether some are not merely 
mvolution forms of others due to variations in the culture 
media 

Bacillus ocylinus (Brown) — ^The bacilh are non-motile 
rods 1 to 2 yGt m length by 0 5 /a mean breadth, and under 
the influence of increased temperature form filaments 
10 to 30/4 long by 0 5 /i in breadth They produce a 
tough, gelatmous peUicle, which may grow to several 
inches in thickness At first this skm is transparent, 
but later becomes opaque and leathery. 

It is the zoogloeal condition of this and aUied species 
of bacteria which constitutes the so-called vmegar 
plant,^" and the excessive development of which causes 
trouble m the workmg of the acetifiers m the factory. 

It was shown by Brown || that when the pelhcle was 
freed from fat, etc., by extraction there remamed a mass 
which gave the reactions of cellulose (solubihty in ammom- 
acal copper oxide, blue coloration with lodme and sul- 
phuric acid) and had a composition corresponding to 
the formula {CgHioOs);^ 

* GmtraM f Baht, 1896, u t Ghem* Boc , 1886, xxxm, 432. 

J Bu Dewtscihe Esstg-tndwsirie, 1898, u , Nos 14-15 

§ Jbid , 1905, Nos 49-51 

W^cmm Chem Boc , 1886, xxx, 432;^ Proc CJiem Boc,, 1887, 87 
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Bacillus oxydans (Henneberg) —This forms rods 2-4 to 
2-7 yit m length by 0 8 to 1 m m breadth, which frequently 
produce long undulating filaments It forms a thin 
mucinous pelhcle, which does not give a blue coloration 
with lodme Apparently this bacillus is identical with 
the Bacterium aceti of Zopf 

Bacillus acetosus (Henneberg) — The bacilli are about 
1 /u. long by 0 5 yu. m breadth, and form long filaments 
resembling those of B Pasteunanus in appearance 
They produce a very tough, adherent pellicle, which does 
not give a bluenooloration with iodine 

Bacillus acetigenus (Henneberg) — This is distinguished 
from the precedmg species by yielding a soft mucinous 
pelhcle, which gives a blue coloration with iodine and 
contams cellulose. It is one of the species which effects 
the acetification m German vinegar works. 

Bacillus Orleanensis (Henneberg) — This species is stated 
by Henneberg to effect lapid acetification It forms 
a very tough skm, which subsequently when older 
becomes polished and closely resembles silk paper The 
baciLK facm small rods (16 to 2 5 /a by 0 4 to 0 B ju), 
which frequently develop mto long filaments They 
will not grow at 8° C or at 39° 0 , the optimum tempera- 
ture being 20° to 25° C The peUicle does not give a blue 
coloration with lodme 

Bacillus curvus (Henneberg) — This species, m accord- 
ance with its name, has a pronounced tendency toward 
the formation of curved rods (1 6 to 4 /.t by 0-4 to 0-6 y.), 
which may occur smgly or in chains. It only produces 
a very small quantity of pelhcle, which may form small 
white patches on the surface of the liquid 
Bacillus rancens (Beijermck) — A species of baciUi 
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isolated by Beijerinck* from a beer vinegar had the 
property of inverting cane sugar 

Several forms of bacteria were also separated by 
Perold f from sour wme, and termed B aceh vim He 
regarded them as quite distinct from other species that 
have been described 

Bacilliis Schiitzenbadin (Henneberg) — ^This was found 
by Henneberg in the gyle of a vmegar breweiy. It 
forms ovoid or elongated lods (1 6 to 2 4 /x m length by 
0 3 to 0 4 /X m breadth), which may be isolated or m 
chains When giown on a nutrient hquid it produces 
pelhcles which are at first in patches, but afterwards 
coalesce, while a light powdery deposit forms at the 
bottom of the vessel The peUicle does not give a blue 
coloration with iodine 

Bacillus xylinoides (Henneberg) — ^Another species, iso- 
lated by Henneberg in 1906 from vmegar '' wash,"’ may 
produce either a thm, fairly tough peUicle, or a coarse 
mucinous skin resembhng coagulated white of egg The 
latter zoogloeal condition resembles the vinegar plant ” 
formed by B, xyhnus, and, like the latter, gives the 
cellulose reaction with iodine and sulphuric acid. The 
other modification of the pelhcle does not give this re- 
action The baciUi are rods from 1 2 to 2 /x in length by 
0 5 to 0 8 ^ in breadth They will not develop at 6° C , 
and only grow slightly at 15° C. Their optimum tem- 
perature IS 28° C , and at 35° C all growth stops. 

Bacillus vini acetati (Henneberg) — ^As its name imphes, 
this species was found in wine in course of acetiflcation. 
It forms a tender pelhcle, and at first causes the liquid 
to become turbid The bacilh (1 to 2/4 long by 0 4/4 
* CentrcM /. BaU,, 1898, iv. (2), 209. 1909, xxiv, 18 
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broad) only occasionally form filaments Growth is 
feeble at 15“ C and at 36° 0 , and stops at 8° C 

Eflect of Light on Acetic Bacteria. — ^Like all micro- 
orgamsms, the vitahty of the acetic bacteria is reduced 
by sunhght, and this was recognised long before the 
nature of acetic fermentation was known 

Thus, for example, m one of the earliest German 
teohmcal treatises on the manufacture of vinegar,* a 
description is given of the method of fermentation in 
casks, which are termed Mutterfasser. This process m 
its essential details is the same as the Orleans method 
descnbed m the Transactions of the Royal Society (see 
p. 6), but stress is laid upon the point that all daylight 
should be excluded from the room, as far as possible, and 
that even candle-hght should only be used when abso- 
lutely necessaiy 

Experiments upon a small scale made m 1891 by 
Giunti t showed that acetic fermentation was inhibited 
by the direct lays of the sun, and that even diffused 
dayhght checked the development of the bacteria in 
those parts of the hquid that it could reach These 
resuiLs were confirmed m 1891 by Tolomei,f who also 
extended the experiments to ascertam which of the 
rays affected the fermentation. Nme samples of the same 
white wine were placed m a series of flasks, one of which 
w^ of ordmary colourless glass, another being blackened, 
while the rest were coloured m accordance with the 
colours of the spectrum. After the lapse of 22 days the 
amounts of alcohol and acetic acid were estimated m 
each of the flasks, with the foUowmg results — 

* Jnch, Die Kunst der Essig-Bereitung, Numberg, 1818. 

t Quoted by jPranohe, Babncant de Fmtgre, p. 37. 
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These results are very striking They show a steady 
increase in the amount of acetic acid formed from violet 
to red, and prove that the violet rays of hght are those 
that are mjunous to acetic fermentation 
The precautions taken by the old vmegai makers to 
exclude dayhght as far as possible have thus a scientific 
justification When dealmg with small casks, into the 
top 0 * which the vinegar was poured, such constant 
exposure of the bactena to the hght must have had an 
injunous effect upon their development and action 
The expenments cited show that by placing windows 
of orange glass m the room the fermentation would have 
proceeded as well as in darkness 
When “ stoves ” for the large Enghsh acetifiers, con- 
taining 3,000 to 4,000 gallons, were first erected, the 
tradition of darkness was mamtamed, but the conditions 
of acetification on such a large scale are qmte different 
from those that obtain m acetification in small casks 
Even when there is a top wmdow, the amount of hght 
that can find its way mto the acetifiers through the 
small m the sides of the vats is qmte negligible, 
and the author has proved by an experience of several 
years that it is possible to have sufficient hght m the 
budding without mterfermg m any way with the steady 
woridng of the acetifiers 

Use of Pure Cultures of Acetic Bacteria.--The isolation 
of the particular species of bactena most suitable for the 
preparation of different kmds of vmegar, and their use 
as pure cultures for acetification, would probably give 
very satisfactory results m producing vinegars with 
different flavours, and for rapid workmg with different 
types of apparatus 
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For example, the bactena {B xylmus, etc ) which 
form the “vinegar plant” do not work satisfactorily 
m some of the Contmental forms of apparatus, smce 
the heavy gelatinous slime they produce soon tends 
to choke any fine openings, while, on the other hand, 
some of the other species work best at too low a tempera- 
ture to suit the large Enghsh acetifiers, which derive 
their heat from lapid auto-oxidation 

This IS, of course, assummg that the Continental 
species of bactena would not, if grown for many gener- 
ations in malt wash under the conditions of the manu- 
facture in England, gradually assume the ‘ shme-f orming ” 
capacity of 5 xyhms 

So far, very httle work has been done to ascertain 
the effects of using pure species of the bactena m cultural 
prepared upon hnes similar to those first employed by 
Hansen m growmg pure cultivations of yeast from a 
single cell 

It was, however, shown some fifteen years ago that 
each mdividual species has the power of producing a 
vm^ar of different quality and aroma from the same 
wme 

Thus Villon* describes the results of his experiments 
on this point m the following words — “ We have dis- 
tinguished several vaneties of Mycoderma acek, and 
each of them has the property of producing a vmegar 
of characteristic fiavour and aroma 

“ We have been able to make a selection from these 
vaneties, m exactly the same way as has been done m 
the case of the yeasts of beer, vnne, and cider. We have 

* Quoted by Fraiudie, Mmitd Praitqite du Fabnaait de Vmaiigfe, 1901, 
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isolated three distinct varieties, which we term I., II , 
andm 

" Mycodema ac^ No. I produces an exquisite vinegar, 
which keeps well It acetifies wine and vinegar less 
rapidly than the other two varieties, and also grows 
old more rapidly 

"Mycodema acek No II gives an ordinary vmegax 
of average keeping qualities It acetifies more rapidly 
than the variety No I , and keeps for an average length 
of time. It IS the sort of most common occurrence m 
ordinary vm^ar works 

"Mycodema aceti No HI produces a turbid, flat 
vinegar, which keeps extremely badly It acetifies more 
rapidly than the others— in fact too rapidly, smce it 
oxidises the substances that form the bouquet 

“We are convmoed that there are other varieties of 
Mycodema aceh, but up to the present we have only 
been able to isolate these three from those which acetify 
wme 

“It would be advantageous to make uso only of 
Mycodema No I , and to prevent the formation of No II., 
and e^ecaally of No III We have isolated this variety 
No I from Burgundy wme of an aloohoho strength of 
eMctly 9 per cent m process of aoetifioation at a tem- 
perature of 20° C The wme was treated with 1 gramme 
of ammomum phosphate per litre We then made a 
senes of twenty cultivations m succession, the Mycodema 
aceti not being left for longer than 24 hours in each new 
wme, which had previously been aerated m a current of 
oxygen and filtered through porous poroelam to remove 
foreign ferments 

We thus obtamed a cultivatiou of Mycodema whidh 



THE ACETIC BACTEEIA. 


49 


was pure, young, and very vigorous. It was with the 
plant thus cultivated that we inoculated the wine that 
was to be acetified on an industrial scale The ferment 
was only suitable for two acetifications, after which it 
had to be replaced by a fresh pure culture In this way 
a vmegar with an excellent flavour and remarkable 
aroma was obtained ” 

It is to be feared that too httle stress is laid upon the 
aroma of the vmegar brewed m England to make the 
use of pure cultures of bacteria appreciated from this 
pomt of view On the other hand, it is possible that by 
the use of cultures of special species the loss of acid 
during acetification might be materially reduced 


4 
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CHAPTER IV 

CHEHICAL REACTIONS IN AGETMGATION. 

Earlier Views — Oxidation in Acetification — Efteots of Oxidation — ^Acet- 
aldehyde— Acetal— Ethyl Acetate— Other Products — 0:udation of the 
Acetic Acid— Oxidation efEeoted by Platmum Black 

E^Iier Wews,— The part played by the air m the conver- 
sion of wme into vinegar was recognised m practice long 
before any attempt was made to ^xplam the facts 
In the year 1778 Macquer described m his IhcttomiTe 
de Chmie an experiment made by Becher, the results 
of which were supposed to show that wine was con- 
verted into stronger vinegar than usual when heated in 
a hermetically sealed flask — t e , without the assistance of 
the air Some years later the Abb6 Rozier * proved that 
absorption of air took place m the course of acetiflcation 
He attached a bladder distended with air to a tube passing 
through the bung of a cask' contaimng wine that was 
tunung sour , and he found that the more acid the wine 
hecame the more hmp was the bladder 
Ozidaflon in Acetiflcaflon. — ^Rozier did not draw any 
decisive deductions from this espenment, and it was 
left for Lavoisier f to show that it was not the whole of 
the air, but the osygen contained m it, that was the 
active agent m acetification 

*£MMmtre d’AgneuUme, 1786, it., 626. 
t TnaU de Ohimte, 1793, i , 169. 
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‘The acetic fermentation/’ he wiote, 'is nothing 
more than an acidification of the wme effected m the 
open air by absorption of oxygen ” 

The nature of alcohol and acetic acid was not under- 
stood at that period, and hence Lavoisier made no sugges- 
tion as to how the absorbed oxygen acted dunng aceti- 
fication 

The theory put forward by BerthoUet* to explam 
the effect of the absorption m Rozier’s experiment was 
that the oxygen piobably effected the decomposition 
of the vmous compound, by abstracting and combinmg 
with the hydrogen therem so as to foim acetic acid, and 
it IS mterestmg to note that this view has recently received 
support from the experiments of Wieland (p. 31) upon 
the behaviour of the vmegar enzyme in the absence of 
free oxygen 

The next observations pubhshed upon the chemical 
process of aoetifioation were those of de Saussure,t who 
claimed that he had found that dunng the acetic fer- 
mentation a volume of carbon dioxide equal to that of 
the absorbed oxygen was hberated, and that the aoeti- 
fication of wme depended not upon a fixation of oxygen, 
but upon the withdrawal of caibon and its partial hbera- 
tion m the form of carbomo acid 
Effects of Oxidation.— It was not until 1821 that 
definite proof of the nature of the oxidation process was 
brought In that year E Davy J discovered platinum 
black, and showed that when it was moistened 
treated with spints of wine it became white hot md 

*3tattque Chimgw, 1803. u. (Appeoicbx)* SSB* 
t .SecA«roA6ff Ohmtqttes aw ta YegtIMaam, 16(M» p. 143> 

% BehmtggeYa Jowfk , 1821. i , 8^ 
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caused the alcohol to be oxidised to acetic acid without 
auy carbon dioxide being formed It was this observa- 
tion which suggested to Dobereiner * his eq^uation of the 
oxidation of alcohol m the acetic fermentation— 

C^HgOj + 40 ^ C 4 H 4 O 4 + 2(H0),t 

or translatmg this into modem formulae — 

CHsGHaOH + 20 = CHs COOH + HjO, 

and he confirmed this by quantitative experiments 
In accordance with his results, Doberemer explamed 
the acetic fermentation as a simple procehS of oxidation, 
which was brought about through the agency of a body, 
such as platmum black, capable of condensing and 
absorbing the oxygon, so as to brmg it mto close contact 
with the alcohol 

Aeetiddehyde. — ^Doberemer also described a " light 
oxygen ether,” which he obtained by distiUing alcohol 
with manganese dioxide and sulphuric acid This sub- 
stance, which was impure aldehyde, was subsequently 
studied by Liebig, who gave it its name {AlcoM de^ydrogm- 
atus), and showed that it was produced as an intermediate 
stage m the oxidalion of alcohol to acetic acid 
The course of the fermentation would thus take place 
m two stages, m the first of which the alcohol was oxidised 
to aldehyde — 

O^HeO + 0 = 0i!H4O + HjO, 

while on farther oxidation the aldehyde became acetic 
acid — 

O2H4O + 0 = CaH^Oj. 


*IM, TUI , 321. 


tO = 0, 0«8 
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This IS now accepted as an approximate explanation of 
the mam reactions that take place m the conversion of 
alcohol mto acetic acid 

The relative proportions of alcohol, acetald^yde and 
acetic acid present at any given stage of the process 
will depend to a large extent upon the conditions of the 
fermentation If too httle air be supphed the secondary 
oxidation wiU not keep pace with the first oxidation, 
and a pronounced odour of acetaldehyde will be per- 
ceptible m the air issumg from the acetifiers 

AcetaL — Another intermediate product formed m the 
oxidation is acetal, CHj CH(OCaH 5 )g, which is produced 
when a mixture of aldehyde and alcohol is heated to a 
temperature of about 100® C — 

CHg COH + 2 C 2 H 5 OH = CHg CH(OCsfl 5 )g, 

and IS also formed m small quantity through the heat 
of the acetic fermentation It is probable that Dober- 
emer's “ hght oxygen ether {mpra) was a mixture of 
acetal and acetaldehyde, and that his "heavy oxygen 
ether,^^ obtamed m a later stage of the distillation, was 
acetal 

It was shown by Kromer and Pinner* that acetal 
was slowly formed by keepmg alcohol and acetaldehyde 
together for several months at the ordmary temperature. 

Ethyl Acetate.^ — ^In addition to acetaldehyde and 
acetal, a small amount of ethyl acetate or acetic ether 
is always produced m the acetic fermentation through 
the combmation of the alcohol with the acetic add — 

CHj COOH + CgHg . OH = OH, . COOOjHj -|^ H,0 

"* Jahreaber Ohem., 1880, 802. 
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In the manufactunng piocess this is also finally oxi- 
dised to acetic acid, so that the finished vinegar leaving 
the acetifiers will usually be quite free from this ester. 
Smce, howevei, a trace of alcohol (about 0 5 per cent ) 
IS usually left imoiadised, slow combmation takes place 
subsequently between this alcohol and the acetic acid, 
and the aroma of stored vinegar is prmcipally due to the 
formation of ethyl acetate 

Other Products. — ^Traces of other alcohols, esters, and 
acids are also formed m the acetic fermentation, their 
nature and quantity dependmg upon the character of 
the non-alcohohc constituents (sugars, dextrms, acids, 
etc ) m the alcohohc wash Por example, formic acid 
is found m wine-vmegars, succmic acid m grain vinegars, 
and fusel oils m spmt vinegais , but although some of 
these compounds may influence the flavour of a vinegar, 
they are without practical importance m the fermenta- 
tion process 

Bputroux* gave a descnption of the action of the 
acetic fermentation upon dextrose, and showed that 
^ucomc acid was produced His experiments were 
repeated by Brown, f who found that glucome acid was 
the sole product of the action of B, aceh on dextrose. 
Ihe bacteria were unable to hydrolyse cane sugar, but 
oxidised manmtol, with the formation of Isevulose as the 
mam product 

Brown's f B xyhnus (“ the Vmegar-Blant ") behaved 
in a similar way, but had also the property of frirTning 
cellulose from Isevulose, which was not possessed by any 
other acetic bactena then known (c/. p. 41), This 

* Comptee Send,, 1880, 236. 

•fJmrn Ohm 8oe , 1886, xliz , 172 
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cellulose gave all the reactions of ordinary cellulose, and 
on hydrolysis yielded a deadiro-rotatory sugar 

In this connection mention may be made of the action 
of acetic bactena upon other alcohols Both B aceti 
and B xylinus (Brown)* are capable of oxidising propyl 
alcohol to propiomc acid, but are unable to attack methyl 
or amyl alcohols Glycerol is oxidised completely mto 
carbon dioxide and water, with a small quaniaty of an 
unknown acid, while glycol is converted mto glycolhc 
acid — 

CH2{OH)OH2(OH) + Oa = CHa(OH)COOH + HaO. 

Oxidation of the Acetic Acid. — ^It has long been known 
that if vmegar was left too long m the acetifieas its strength 
gradually decreased, but it was left for Pasteur f to prove 
that this loss of acetic acid was bound up with the life 
of the micro-organisms 

He showed that the “ Mycod&rma aceU ” would develop 
upon a nutrient medium contaimng acetic acid but no 
alcohol, and that the ttir m the flask subsequently con- 
tained a large proportion of carbon dioxide but no oxygen, 
while the whole of the acetic acid had disappeared 

He called attention to the analogy between this slow 
process of combustion and the respiration of hving 
orgamsms, and concluded that m the absence of alcohol 
the micro-organisms were capable of transferrmg oxygen 
to the acetic acid and of converting its carbon into oai- 
bomc acid 

At the same time the phenomena are also 
(A the explanation ihat the oxidatum. of the acetic acid 
IS due to enzymic action earned beyond tite ivoeess of 

1887, 698 flM. p. M. 
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the acetification of the alcohol, and that the carbon 
dioxide IS not due to respiration of nucro-orgamsms, but 
IS a combustion process analogous to that effected by 
the ra:cessive oxidation of alcohol by platinum black 
OxMaHons Effected by Piatiiiiim Blaek.— The analogy 
between the oxidations effected by platinum black and 
acetic bactena furnished Liebig with one of his prmoipal 
weapons against the vitalistic theory of acetiffcation 
13ie differences between the two processes, however, were 
demonstrated m 1873 by von Kmerem and A Mayer,* 
who showed that the conditions were not m any way 
comparable, although the final products might be the 
same For example, the acetic fermentation could not 
take place m the presence of more than 10 to 12 per cent 
alcohol, whereas platinum black could effect the oxidar 
tion of alcohol of any strength In the latter case the 
oxidation was promoted by mcreasmg the temperature, 
whereas the acetic fermentation was mhibited by tem- 
peratures exceeding about 40° 0 
It was also pomted out by these chemists that the 
same analogies were to be observed between other fer- 
mentation processes and the hydrolytic decompositions 
effected by dilute acids. 

For example, the conversion of starch mto sugars 
could be effected either by diastatic ‘"fermentation" 
or by the action of dilute acids Moreover, other chemical 
agents, such as chromic amd, could effect the oxidation 
of alcohol to acetic acid. 

*£c 0 idvi Fermhsm, 1878, xn., SOS 
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CHAPTER V 
ACETIC ACID. 

Radical Vmegar— Acetous Acid— Acetic Acid in the Pharmacopoeias — 
Anhydrous Acetic Acid — Glacial Acetic Acid—- Maoteactitre oe 
Acetic Acid— from Veidigns— from Spint Vmegar— from the Distil- 
lation of Wood — ^Pyroligneous Acid — ^trom Acetate of Lime — Chemical 
Processes of Oxidation— Platmum Black— Use of Ozone — Ozone 
m Acetiliers— Newton's Apparatus— Properties of Acetic Acid 

Badical Vinegar.— Acetic acid, as the Latin ongm of its 
name (acetum) mdicates, is the acid of vmegar, jhom 
which it was first separated m a moie concentrated form 
by fractional distillation, neutralisation with alkali, 
crystalhsation, and redistillation of the salt with amd 
(see p. 3). 

The strongest acid thus obtained was known as alhcUised 
vmegar, or radical vmegar, which Bailey^s English 
Dictionary of 1747 defines as “the sharpest Part of 
Vm^ar, which hath its Phlegm * drawn off ” 

In the London Pharmacopoeias of 1721, 1746, and 
1788 ordmary distilled vmegar (containing about 6 pOT 
cent of acetic acid) is described by that name {Acetmi 
distiUoMm), but this was changed m the Pharmacopoeia 
of 1809 to “acetic add'* {Aetdmn acekemn), and to 
“dilute acetic acid^' {AoiAmn ac^eum dMum) in 
Pharmacopoeia of 1824 ' 


♦Waiter 
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Aeetoos Aeffl.— In the edition of 1788 the more con- 
cenfisted acid is termed ‘ acetous acid” {Acid/im 
aed<mm}—^ name which constantly recurs in Acts of 
Parliament down to 1844, and survives in the term 
“acetous fermentation/ which is still used m the vinegar 
mdustiy This name was given to the acid derived from 
vinegar, because it was beheved to contain one atom less 
02 ygen m its molecule than acetic acid from wood, and 
the salts that it formed with alhahes and heavy metals 
were termed aeetvtes, to distmguish them from acetates. 
lEhe nmne ongiuated with the Prench chemist Berthollet, 
who m 1786 published a paper to prove that the acid 
obtamed by distillation of verdigns differed m its pro- 
perties from the acetous acid derived from vinegar He 
regarded the acid derived from the salt as a compound of 
acetous acid with oxygen 

Even as late as 1806, we find the first edition of the 
Sw^pcedia Biitmmca referring to “acetous acid in 
tint canoenfaated state m which it is called radical 
vroegar.” 

la 1808 Henry * remarks, with reference to this question, 

" It appears that acetic amd differs only from the acetous 
in oantahm^ less water and more mucilage ” 

Aeefie Aeiil hi fin Phannacopmias.— It was probably 
owii^ to this proof of identi^ that the name of “ acetic 
aoid ” was ^ven to distilled vinegar in the Phaimaeopceia 
of 1800 

In the next edition of Philhp's Translation (1824) it 
is pointed out that the “ mucilage ” f which passed over 
and condensed with the acetic acid in the of 

• Epitom of GkmiHry, 1806, p 302. 

t%thetemmB<aIage was utidfflrtood what w as “ extract " 



ACETIC ACID 


69 


vin^ar rendered it difficult to obtain pure white acetate 
of potash on saturating the acid with alkah For this 
reason acetic acid denved from wood was mtroduced 
into the Matena Medica under the name of “stronger 
acetic acid distilled from wood ” {acidma acetwum fotims 
e Itgno destiUainm) At that time the strongest acid 
known had a specific gravity of 1 043, and contained 
about 32 per cent of acid, oi five times as much as dis- 
tilled vmegar 

In the followmg edition of Philhp’s Ttanslatton, pub- 
lished m 1836, this “ stronger acid ” was described as 
“ acetic acid ” without any qualification, and was stated 
to contain 30 8 per cent of the anhydrous acetio acid , 
while glacial acetic acid, the strongest acid procurable, 
became sohd at about 40° F, and consisted of one 
equivalent of anhydrous acetic acid and one equivalent 
of water. No alteration was made in the next issue m 
1861 

In the first edition of the Bniish PhanmcopcBia, pub- 
lished m 1867, “ acetic acid ” was prescribed to contain 
28 parts of ' anhydrous acid,” corresponding to 33 parts 
by weight of the hydrated acid This corr^ponded m 
strength with the acetic acid of commerce and the 
“Punfied Pyroligneous Acid” of the Dubhn Pharma- 
copoeia, but was not so strong as the “ Acetic Acid ” of 
the London Pharmacopoeia {sup a) It was much weaker 
than the “Acetic Acid ” of the Edmburgh Pharmacopoeia, 
which contained upwards of 96 per cent of acid 

Anhydrous Acetic Acid. — Considerable confusion ha's 
been caused through the behef which was at one tune 
generally accepted, that acetic acid did not exist in the 
anhydrous state, and was only known m oombmataon 
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•With water or a base In other words, the compound 
we now describe as acetic anhydride was formerly re- 
garded as the hypothetacal acid “Anhydrous acetic 
aad,” as ft-gigtmg m diy sodium acetate, was assigned 
the foimula O 4 H 3 O 3 ,* while glacial acetic acid was le- 
garded as a monohydrated acid, C4H3O3, HO, crystal- 
lising at 45 ° P. The hypothetical anhydrous acid was 
also known as ac^ylw acid, from being regarded as a 
compound of the radical acetyl, Oi&i,* and oxygen 
^nus use of the term radical was a development of the 
Idpa. connoted by the word m radical vinegar which was 
in use long before the discovery of oxygen 

According to Hicholson,t the term radical was used 
in 1823, to desenbe “ the distinguishmg part of an amd, 
by its combination with the oi^gen common to all acids ” 
Hus sulphur was the radical of sulphurous and sulphuric 
adds 

The terms ‘ dry ” acetic acid and “ real ” acetic acid 
were used as synonyms of anhydrous acetic acid, and 
tins must be borne m nund m calculating the strengths 
of aoefeo acid mentioned m the earher Pharmacopoeias. 
In the Bniish Pharmacopcm of 1867 reference is made 
to both acetic acids, and to prevent mistake the chemical 
fonnuhe ace given, showing that by “ real ” acid the 
anhydrous compound was understood 
.In ike Phannacopoeia of 1886, however, the term 
real" amd is used to describe the hydrated 
CIH 3 COOH, thus mereasmg the confusion , but m the 
current issue all ambigmty has been avoided by the use 
of the chemical name “ hydrogen acetate ” 

OH notatiOE 0 = 6, H = l, 0 = 8 
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In 1874 the Society of Pubhc Analysts adopted 3 per 
cent of “real” acetic acid as the minimum limit of 
strength for vinegar It is doubtful whether this was 
intended to refer to the anhydrous acid (acetic anhydride) 
or to hydrogen acetate Allen, speakmg m 1893 on the 
subject,* was not certam upon the point, but was inclmed 
to beheve that acetic anhydnde was meant 

Gladal Acefie A(^d. — The most concentrated solutions 
of acetic acid were first obtained by saturating diy 
charcoal with vinegar, and distilling the mass Then, 
by exposmg the later fractions of the distillate to a 
freezing mixture, the water separated as ice, while a 
stronger acid could be dramed oJff the crystals Only a 
relatively weak acid could be thus prepared, and prior 
to the mtroduction of wood acid aU concentrated acids 
were prepared by dry distillation of verdigns or copper 
acetate Amd derived m the first instance from the dis- 
tillation of wood soon displaced the acid of higher strength 
derived from vinegar 

It IS interesting to follow in the successive issues of the 
London Pharmacopoeia how the concentrated acetic 
amd of commerce became purer and more concentrated. 
In Phillip's Tramlatwn of 1824 there is no mention of 
the glacial acid, and the author states that he has not 
met with acetic acid of greater strength than 30 per 
cent In the next edition (1836) there is a reference 
to glacial acetic acid, “ so-caUed from becoming drystal- 
hne at about 40° P,” while m the following edition 
(1861) the sohdification pomt is given as 46° P. In fihe 
fimt edition of the BnUsh Pharmaoopom (1867) ^amal 
acetic amd is mcluded as a drug, anil is stated to 
* 1893, mu , 183, 
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cr^talhse at 34° F and remain solid unfed the tempera- 
ture reaches 48° F , whde m the editions of 1886 and 1898 
glaaal acetic acid is required to have a specific gravity, 
of 1 058, and to remain crystalhne above 60° F (16 6° 0 ) 


MANDFACTDBE OF AGEHC ACID. 

The earhest method of prepaimg a strong acetic acid 
from vm^ has already been mentioned (p 67) Another 
process of conoentiation was to freeze the stronger frac- 
tions obtained m the distillation of vmegai, and to 
separate the crystals from the unfrozen acid 

Aeefie Aad from VOTdfgiis.— But the chief source of 
acetic acid pnor to the diseoveiy of pjaohgneous or wood 
amd was copper acetate, which was popularly known 
as dtsiilkd verdvgas, from the use of distilled vmegar in 
its preparation This salt was obtained by the action of 
a <arade vm^ai, drived from refuse grapes, upon plates 
of copper. These were placed on wooden gratings, which 
were suqieiided m the vinegar for about three weeks, 
after which they were removed, exposed to the air for 
a day or two, and again immersed m the vinegar In 
many parts of France each farm house had its verd^gm 
tdlar, where all wme that had become sour was thrown 
into tubs kqit for the purpose 
As soon as the plates had become sufficiently coated 
with the mystals the acetate was scraped off and sold 
m its rncast condition to the dealers 
This salt was a basic acetate with a composition approxi- 
mating to the formula (CH80Oa)ij0u . OuO 6HaO. When 

it was dissolved in distilled vmegar and the solution 
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crystallised, normal cupric acetate, (CEjCOa)^^ HgO, 
was obtained 

The crystals of copper acetate were known to the 
alchemists, who termed them Ctystals of Vmm, and 
the distiUed acetic acid or radial or aromatic vinegar of 
the apothecaries was derived from,, this verdigris 
by dry distillation m a stoneware retort, which was 
gently heated in a smtable furnace (see Rg 17) The 
acid vapours were condensed in a series of receivers, the 
last of which was connected by means of a Welter’s 
tube with a flask partly filled with distilled vmegar 



When vapours were no longer distilled, and the receivers 
m the basins of water remamed cool the process was 
finished The acid thus obtained was of a green colour 
from the traces of copper acetate earned over mechani- 
cally m the distillation It was purified by redistallation 
m a glass retort heated m a sand bath 
About a fifth of the available acetic acid was lost m 
this process through bemg decomposed by the heat. 
To obviate such loss the verdigns was heated wiift a 
small amount of sulphunc acid ; but this had tiie djeaw- 
back of yielding a ^tiUate contammg suliduirous amd, 
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while the pleasant aroma (the so-called pyro- 

acetic spint) of the product obtamed by dry distillation 
Hence, long after the mtroduction of wood acid, the 
process described above continued in use for the manu- 
facture of “aromatic vmegar” It was not until the 
method of punfymg wood acid had been perfected that 
it was finally superseded 

Prepaiafion from Spirit Vinegar.— The commercial spirit 
vin^ar {Es^-spnt or Sprttessig), containing about 
12 per cent of acetic acid, is used as the source of a 
concentrated acetic acid of about 80 per cent strength, 
which fetches a much higher pnce than acetic acid derived 
from wood 

Such concentration is not possible simply by fractional 
distillation m an ordmary retort, smce the stronger 
fractions which pass over towards the end of the dis- 
tillation are contammated by products of the decomposi- 
tion of extractive matters m the vmegar 

To obviate this, Stem devised a method of raismg the 
healing pomt of the vmegar by addmg to it about one- 
Itod of its weight of salt By this means a considerably 
laager yidd of acetic acid was obtained, though a large 
pKcporhon was still left m the retort. The distillation 
was carried out m tin or copper retorts 

Alfhon^ a much stronger product than the origmal 
vinegar was obtained m t^ way, the method has been 
anperseded by the process of neutrahsmg the JElssig- 
sprit with hme, evaporating the hquid to dryness, and 
distilling the crude oaldum acetate with a mineral acid. 
The distillate has a ^emfio gravity of about 1 *060 (about 
4S pa emit ), and is pimfied by further distillation with 
soefinm or calcium acetate 
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Acetic Add from Wood. — ^The discovery that acetic acid 
was formed m the dry distillation of wood appears to 
date back no farther than the middle of the eighteenth 
century, when Glauber descnbed a "wood acad” or 
pyrohgneous amd as one of the constituents of the dis- 
tillate, while Boerhaave pomted out that this amd was 
closely related to the acid of vinegar Glacial acetic acid 
was first prepared in 1793 by Lowitz, and seven years 
later it was proved by Fourcroy and Vauquehn that 
pyrohgneous acid was nothmg more than acetic acid 
contaminated with other products of the distillation 
It was owmg to the difficulty of completely ehmmating 
these impunties that the identity of wood acetic acid 
and vin^ar “ acetous ” acid remamed unknown for so 
long a time 

In the year 1799 the first plant for the dry distillation 
of wood on a manufacturing scale was erected by Lebon, 
with the object of obtaining charcoal, pyrohgneous acid, 
tar, and gas for hghtmg and heating purposes A few 
years later a factory was started by Stoltze m Halle for 
obtaining pyrohgneous acid from wood and converting 
it mto pure acetic acid About the same time the manu- 
facture was begun m England, and m 1808 MoUerat 
was distdhng wood at Pellerey m France, and oonvertmg 
the amd mto a table vm^ar 

An outhne of his process was published in Pans,* 
with reports upon the products by Berthollet, Fourcroy, 
and Vauquehn It was stated that the acid there pro- 
duced was of such strength that when diluted witii 

* Memoues sar la Distillation du Bois et TEmploi de ses Fcodmts^ par 
J. M MoUerat, et Rapports faits k oe Sajet par M M. Berthollet Roororoy 
et Vauqtielm, Pans, 1808* 


5 
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seven paxts of water it yielded a good vinegar, and that 
It was identical with the acid obtained by the distillation 
of wine vinegar 

PyroDgneous Aad.— The crude acid first separated from 
the products of the distillation is a yellowish-brown 
to dark brown hquid with a eharactenstio tarry odour 
It has a specific gravity ranging from about 1 020 to 
1 030, and contains not only acetic acid but also small 
amounts of other fatty acids (formic, butyric, valeric), 
together with esters, alcohols {e g , furfural), acetone, 
phenols, and tarry products The proportions of these 
constituents vary with the nature of the wood, tem- 
perature of distillation, and method of condensmg the 
fractions 

The antiseptic action of the crude acid is largely due 
to the presence of the phenols, and accounts for its value 
as an agent for curmg hams and fish 
After removal of the acetone the crude pyroligneous 
acid IS neutralised with hme, and the hquid evaporated 
to obtain crude brown acetate of hme Or soda is used 
for the neutralisation of the hquid, which is then con- 
centrated to obtam acetate of soda 
l^iese impure salts are sold to the makers of acetic 
who distal them with hydrochlono or sulphuno 
BcSd, to separate the oombmed acetic acid 
Q3ie aad derived from the calcium salt is known oom- 
mefcaalfy as “ lime amd,” while that denved from sodium 
acetate is termed “ soda acid,’’ and fetches a higher 
price, owing to its usually oontaunng less impurities, and 
tiius having a better aroma. 

AxU from Acetate ot Ume. — The modem process of dis- 
tfUrng aoeho acid from commercial, acetate of hme may 
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be made more clear by the foUowig outhne — On dis- 
tilhng together 1 ton of acetate of, say, 65 per cent, 
strength, and 1 ton of hydrochlonc acid of 30® Tw, 
there -will be obtamed approximately — 

(а) 180 gallons of stiong acid of specific gravity 1 067, 

say, 46 pei cent. , 

(б) 100 gallons of femts of specific gravity 1 020, say, 

10 per cent , 

correspondmg together to 43 per cent acid 

The strong crude acid (a), when fractionated m a 
column still, taking a charge of about 250 gallons, will 
yield approximately — 

(1) 26 gallons of first runnings, used m the manufacture 
of white lead 

(2) 150 gallons of middle fractions (specifio gravity, 
1 046 to 1 060) used for preparing acid (6) 

(3) 60 gallons of last runnings of about 70 per cent 
strength 

(4) 20 to 25 gallons of a residue of acid, tarry matters, 
fatty acids, etc 

The femts (6) are neutralised with soda, evaporated, 
and crystallised, the crystals of sodium acetate being 
separated by means of a hydro-extractor, and used for 
tile manufacture of the best “ soda acid ” 

The fraction (2) is redistilled, after treatment with 
sulphunc amd and potassium permanganate to destroy im- 
purities, the middle fractions being used for technical amd. 

The stronger fraction (3) is also oxidised m the stfil, 
together with the similar fractions from other charges, 
and IS redistilled to obtain higher strengths (80 per cent., 
to glacial amd). 
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In each case the first oily rumungs and weaker fractions 
are separated, and worked up with sunilar fractions 

CHEHIGAL PROCESI^ES OF OXIDATION. 

Oxidation by Means of Platinum Black. — ^The process 
of catalytic oxidation, discovered in 1835 by Doberemer 
(see p 52), has been made the basis of several mdus- 
tnal methods, especially m Germany, where alcohol is 
relatively cheap 

The ongmal manufaotiirmg apparatus of Doberemer 
consisted of a glass vessel m which was a senes of sup- 
ports at different levels On each of these were several 
basins, each contammg a tnpod holding a watch-glass 
filled with platinum black A current of air was drawn 
through the apparatus, while the temperature was mam- 
tained at 30® to 35° C by means of a steam coil The 
vapours of the evaporated alcohol came into contact with 
the oxygmi, and under the influence of the platinum black 
acetic acid was produced, and condensing upon the walls 
of the vessd, was collected m a receptacle at the bottom 
An apparatus with a capacity of about 700 htres, 
oontaming about 200 to 210 grammes of platinum, was 
capaibte of transforming 1 kilo of pure alcohol mto 
aeetic add, while m some of the larger apparatus a charge 
of as mudi as 17 kilos of platinum black was employed 
to convert 150 htres of alcohol mto acetic acid per day 
In practice it was found that the regulation of the 
exact q^uantiiy of air was extremely difficult If too 
httb was supphed a large proportion of acetaldehyde 
and acetal was produced, while by mcreasmg the current 
of tu tiiere was a loss of acetic acid by evaporation. 
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A much moie important drawback was that after a 
short time the platinum black became spent, and had 
to be re-calcmed to render it active agam — a process 
of necessity attended with the loss of expensive matenal 
To obviate this a method was devised m which the 
platmum black was mamtamed at about 300® C m a 
porcelain tube, through which was passed a current of 
alcohol vapours mixed with air or oxygen 
In a latei modification of the process the platmum 
black was heated to mcandescence by means of an electno 
current 

Use of Ozone. — ^In the year 1872 a note was pubhshed 
by Widemann * upon the use of ozone m the manufacture 
of vmegar The process described consisted m causing 
the alcohohc hquid to fall drop by drop through a column 
containing fragments of glass or porcelain, and to meet 
on its way a current of hot air which had been passed 
through a gas fiame The action of this hot air upon the 
alcohol was claimed to efiect acetification 
A plant to work the process upon an mdustnal scale 
was set up by Widemann m America, and numerous 
modifioataons of the process were patented 
It IS open to question whetiier simple passage of air 
through a gas flame will effect ozonisation of the oxygen 
Moreover, Claudon,f who repeated the experiment with 
air which had been ozonised m the usual way, was unable 
to obtam airmlar results The expense of ozonisation 
would also be a factor against the commercial success 
of any such process, even if practicable 
Ozone in Aeeiiflas. — ^By a curious misapprehension of 

* Omiiea Seadus, 1872. 
t Fdbneaium da Tmtagre (C. Sraoehe), p 188. 
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tlie funcfeion of ozone m any ehemioal oxidation of alcohol, 
attempts were made, especially in this country, to accel- 
OTate acetification by the introduction of ozonised air 
into the acetifiers 

The espenments were tned on a large scale in several 
of the largest vm^ar works m London, but in no case 
did they prove successful, and were abandoned after a 
few months’ trial 

It is difficult to undeistand the theory supposed to 
underlie this use of ozone, for it is a powerful bactenoidal 
agent, and would thus be most unlilcely to promote the 
growth or activity of acetic bacteria 

The statements put forward by the promoters of some 
of these processes to the effect that the Mycodmm acek 
developed more readily m the presence of ozonised air, 
as, for mstance, when the gyle containing it was projected 
in a fine spray mto a chamber of such aar (see illustration, 
p 71), have not been borne out by the results of prac- 
tioal expeiieace 

Bwrton’s Aipaiatas.— In the apparatus patented by 
Nefw^ (Eng. Pat 1906, 1872) the use of ozone or 
twmwed air "produced by passing a current of atmos- 
fliaae m ^uou^ a flame" was claimed for effecting 


%uid to be acetified was pumped from the vessel 
N in the form of a fine ^ray mto the chamber A, where 
it meets witti the ozone or ozonised aar drawn or forced 
by means of the pnn^, K, from the vessel B A senes 
of such chambffls may be superposed, the hquid leaving 
theJiottom of each bemg passed m a fine spray into the 
next ofie-Jbelow. 

®wperit».of Asefie AsId^Pure aoetio acid is a colourless 
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liquid with a characteristic pungent odour of vm^ar. 
"When chilled a httle below the ordinary temperature it 
sohdides to a crystalhne mass, the sohdification pomt 
depending upon the strength of the acid (wde mfra). 
When apphed to the skm it produces blist^s, and many 
fatal accidents have been caused through its being 
inadvertently swallowed 



Fig 18 —Newton’s Patent Process 


Although an organic acid, it is remarkably stable, and 
is not readily attacked by oxidismg agents It can be 
decomposed by passmg its vapour through a tube heated 
to redness, the products of decomposition uicluchiig 
methane and acetone 

Most of its salts are soluble m water , several of tiiem 
are of commercial importance. This aluminmm acetate 
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and feme acetate {red li^pior) are used as mordants m 
dyeing, wMe verdigns {g v ) and emerald green (cupno 
aceto-arsemte) form the basis of oil pigments 
Solidification Point of Acetic Acid. — ^The determmation 
of the freezmg pomt of glacial acetic acid is one of the 
most reliable methods of ascertammg the amount of 
water present, as was first pomted out by Rudorff * He 
showed that acetic acid of 100 per cent strength solidified 
at 16 7° C , and that with each shght increase of water 
the free 2 ang pomt fell His results, which are given m 
tabular form below, did not go below mixtures con- 
taining 20 per cent of water, and his deterramations 
were afterwards supplemented by Gnmaux,t who ascer- 
tamed the freezmg pomts of mixtures of aU strengths, 
from 93 to 16 per cent , and gave the following summary 
of his results — 


rCdoket’s table of solidification points of mixtures 
OF acetic acid and water t 


lOOIartBof 

AjoehcAoid 

ZDiXBdmth 

Wato 

100 Parts 
contain 

toy 

Weight 

Solification 

Pomt 

lOO Paits of 
Acetic Acid 
mixed mth 
Water 

100 Paits 
contain 
toy 

Weight 

Solidillcatlon 

Point 

00 

00 

»c 
+16 7 

80 

Tm 

®0 

6 25 

OS 

0497 

16 65 

90 

8 257 

63 

1*0 

0990 

14 8 

100 

9 090 

43 

1*5 

1-477 

14 0 

110 

9 910 

3 6 


1-961 

13 26 

12 0 

10 774 

2 7 

so 

8912 

1196 

15 0 

18 043 

-0 2 

4^ 

3-846 

10 5 

18 0 

15 324 

26 

SO 

4-761 

94 

210 

17 355 

6 1 

60 

6660 

82 

240 

19 364 

74 

7-0 

6542 

71 



*Ber i i Ohm Oea^ 1870, m, 390 
t OoapUa Bendita, 1878, hjvi., 486. 
t Bar, d d Ohm Qaa., 1870, m , 870. 
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GEIMAUX’S TABLE OP SOUDmCATION POINTS OP 
inXTCRES OP ACETIC ACID AND WATER* 


t 

1 Watei 

Acetic Acid 

!| 

Solidification ! 
Point, jj 

Watei 

Acetic Acid 

Solidification 

Point 

1 

{ Pei ceut 

Per cent 

I 

oc * 

Per cent 

Pei cent 


* 7 31 

92 69 

+ 53 ' 

56 54 

43 46 

-16 4 

13 25 

86 75 

- 14 1 

6168 

382 

-14 8 

23 52 

76 48 

-116 . 

69 23 

30 77 

-10 9 

: 31 18 

68 82 

-19 3 

76 23 

23 77 

- 82 

33 56 

66 44 


79 22 



3814 

61 86 


8189 

18 11 


1 44 50 

55 50 

-22 3 1 

83 79 

16 21 


> 49 38 

50 62 

-19 8 1, 

1 





If these lesults are plotted m a curve in which the 
oidinates are the sohdification points and the absoissse 
the proportions of water, it will he fojind that the hnes 
connecting the temperatures are practically straight, 
and that their point of intersection, showing the Tnii,Timnnfi 
lowering of temperature, corresponds to the mixture 
containing about 37 per cent of water This pro- 
bably mdicates the formation of a defimte hydrate, 
CaH 402 4 - 2 H 2 O No break occurs at about 28 per cent 
of water, such as is found m the table of specific gravities 
at 16° C , where possibly the presence of a -compound, 
C 2 H 4 O 2 -f HjO, IS suggested 
It has already been pomted out (p 61) that the 
pharmacopoeial requirements for the sohdification pomt 
of glacial acetic acid have steadily been raised In the 
edition of 1898 glacial acetic acid was required to 
contam 98 9 per cent of hydrogen acetate (by titratmn), 
and to remain sohd at 15 5° C (60° F ) Now, this sdfdifi- 
cation pomt corresponds to an acid contaimng not 99 per 
* Qm/jfim Btnim, 1878, Ixxtl, 486. 
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cent , but nearly 99 5 per cent , as is shown m Rudoi'ff’s 
table (p 72) 

In the new Pharmacopoeia (1914) this error has been 
corrected, and glacial acid (98 9 pei cent ) is required not to 
re-melt entiiely until the temperature rises above 14 7® C 
The pomt is of considerable importance m connection 
with the Customs duties m certam countries For example, 
m New Zealand aU glacial acid below the stiength of that 
of the British Pharmacopoeia is required to pay an excess 
duty of 6d per lb , which is considerably more than the 
ordinary duty 

Smce the strength is ascertamed, by the Customs 
ofllcials, simply by determmmg the freezmg pomt, acid 
of over 99 per cent was, pnor to 1914, hable to rejection 
if it did not behave like acid of 99 5 per strength 
This anomaly is not found m the United States Pharma- 
copoeia, which defines glacial acid as containing 99 per 
cent, of absolute acid, sohdifying below 16® C , and 
becoming fluid again at about 15® C 


OPTICAL BEPRAOTION OF SOLUTIONS OF ACETIC ACID 
AT 20“ C (P^ry) 




Acetic Add 

Eefraotive 

Index 

Acetic Acid 

Be&active 

Index 

1 terW 

s 

13368 


1 3692 

Per cent 

76 

1 3756 

10 

13306 

45 

13622 


1 3764 


1-3031 

50 

13649 

85 

1 3769 

SO 

13465 

55 

1 3674 


13766 

26 

l-SiO? 


13699 

96 

1 3749 

30 

1-3^ 

66 

1 3723 


13710 

25 

13560 





Beftaefirai^The re(fta(^ve index of acetic acid 
analogous vaiiatLons according to the strength. 
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As is seen in the foregoing table of results by Fery, it 
increases steadily up to about 85 per cent , where a 
break occurs in the curve, and the refraction falls to 
1-3710 at 20® C 

SPECmO GEAlTTr OF MIXTURES OF ACEHC ACID AND 
WATER [Ouimanwi)* 


Acetic Acid 

Specific 
Gravity at 
15«C 

Acetic Acid 

Specific 
Gravity at 

15® C 


specific 
Gra\it> at 

15® C 

Per cent 
lOO 

1 0553 . 

Tei cent 

66 

1 0717 

fei cent 

32 

10436 

99 

10580 

65 

10712 

31 

10424 

98 

10604 

64 

10707 

30 

10412 

97 

1 0625 > 

63 

10702 

29 

10400 

96 

10644 ; 

62 

1 0697 

28 

10388 

95 

10660 1 

61 

10691 

27 

1 0375 

94 

10674 ! 

60 

10685 

26 

10363 

93 

10686 

59 

10679 

25 

10350 

92 

10696 

58 

10673 

24 

10337 

91 

10706 

67 

1 0666 

23 

10324 

90 

10713 

56 

10660 

22 

10311 

89 

10720 

55 

10653 

21 

10298 

88 

10726 

54 

10646 

20 

10284 

87 

10731 

63 

10638 

19 

10270 

86 

10736 

62 

10631 

18 

10256 

85 

10739 

51 

10623 

17 

10242 

84 

10742 

50 

10615 

16 

10228 

83 

10744 

49 

10607 

15 

10214 

82 

10746 

48 

10598 

14 

10200 

81 

10747 1 

47 

10589 

13 

10185 

80 

10748 ' 

46 

10580 

12 

10171 

79 

10748 , 

45 

10571 

11 

10167 

78 i 

10748 

44 

10562 

10 

10142 

77 

10748 

43 

10552 

9 

10127 

76 

10747 

42 

10543 

8 

10113 

75 

10746 

41 

10533 



74 

10744 

40 

10523 



73 

10742 

39 

10513 



72 

10740 

38 

10502 



71 

1 0737 

37 

10492 


1'0037 

70 

10733 

36 

10481 


10022 

69 

1 0729 

35 

10470 


10007 

68 

10726 

34 

10459 


09992 

67 

10721 

33 

10447 1 

IHH 

■■■ 


*JahreAer. ForttdmiU Set Okam, 188^ p. 808. 
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Specific Gravity. — Tables of the specific gravity of 
mixtures of acetic acid and water of different strength 
have been published by Mohr and by Oudemanns (supra), 
but these differ considerably from each other, possibly 
owmg to the presence of traces of higher acids as impuri- 
ties in the acetic acids used for the determinations 
Tor acids of strengths of 25 to 40 per cent a deter- 
mmation of the specific gravity is useful as a rough 
estimate of the strength, but many of the acids of 80 per 
Strength upon the market do not comply with the specific 
gravity given m the tables 

The tables agree more nearly for the lower strengths 
Up to 10 per cent 


BOILING POINT OF GLACLAX ACETIC ACID UNDER 
VARIOUS PRESSURES (Landolt) 


Pressure 

Boiling 

Point 

Pressure 

Boiling 

Point 

Pressure 

Boiling 

Point 

mm 

“0 

mni 

“C 

mm 


1,160 

132 

560 

109 

60 

48 

960 

126 

360 

96 

30 

31 

700 

119 

160 

73 
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CHAPTER VI. 

PREPARATION OF THE GYLE. 

The Maah-Tnn— Maabiag Maohmes— Hot Liquoi Backs— Fiooe^s of Mashmg' 
— Gdataused Gram — ^Addition of Sugar— The CooTersioii Fiooess — 
Fermentation of the Wort— Storing the Gyle 

The first step in the manufacture of vinegar is the pre- 
paration of an alcohohc wash, containing also sufficient 
nutriment for the acetic baotena 
In the production of spint vmegar m Prance and 
Germany a diluted spint denved from potatoes or maize 
starch is mixed with a small proportion of phosphates 
and ammonium salts, and used for the purpose Wine 
vmegar is made from diluted wme, and mder vmegar from 
sour cider or from apple juice expressed for the purpose. 
Any substance capable of fermentation so as to yield 
an alcoholic hquor is also capable of acetification under 
suitable conditions, but m this country the bulk of the 
vmegar is manufactured from malted or unmalted gram, 
or from a mixture of cereals and fermentable sugars 
The malt or malt and gram is infused m a mash-tun or 
saccharified m a “ converter ” by means of a dilute amd, 
and the gyle thus obtamed is clarified and aoetafied aa^ 
subsequently d^cnbed. 

The Mash-Tun.— The most impoitant piece ci i^pacatus. 
common to the brewer and the vmegair mak» is the- 
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mash-tun As the vmegar manufactuie has lagged 
behmd the brewmg mdustry, the old-fashioned plant of 
fifty years ago may still be found in some vmegar worhs. 
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For example, an open mash-tun, like that shown m 
the aocompaaymg illustration (Fig 19 ), m which the 
revolving rakes tiavelled round the tun by engaging m 
teeth upon the circumference, has been seen by the wnter 
m old vinegar breweries 

This type of mash-tun had superseded the still earlier 
form m which the crushed malt md hot water were 



Rg 20 —Section of Mash-Tnn 


stirred together by long poles termed ‘ oars ” In up- 
to-date vinegar works the mash-tun is completely closed 
m with non-conducting material, to prevent loss of heat, 
and it IS fed by a mashing machme from a hot hgnor 
back and gnst case 

The copper which supphed the older mash-ton W, m 
many mstances, been retamed for heating the water for 
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the first mash, but the stokehole has been abolished, and 
its place taken by a steam pipe 
The most smtable form of mash-tun for vmegar brewmg 



IS one provided with rakes, and 
also with a steam coil beneath 
the perforated false bottom, to 
enable the temperature of the 
mash to be raised gradually from 
a relatively low temperature 

For the reasons given below, 
this IS much more satisfactory 
than raismg the temperature 
suddenly by means of “undei- 
lettmg,” as is usually done in 
mashmg malt for beer 

Otherwise the construction of 
the mash-tun is the same as m a 
brewery (where it is exceptional 
to find mash-tuns with coils), and 
has the appearance m vertical 
section shown m Fig 20 

The steam coil would be fixed 
m the space 0 beneath the per- 
forated plates 

The ^arge is an essential part 
of the plant m a modem vmegar 
brewery As shown m the 
diagram (Fig 21), it consists of 
a cylmdncal box or "basm," 
oommumcating at the bottom 


twt> aicmsy and is made, to revolve easily about a 


MgcailaxiB. 
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The hot water coming from the copper enters the two 
arms, which are perforated at regular mtervaJs on one 
side, and by its pressure as it escapes from the holes 
causes the sparge to rotate and to spnnMe the upper 
surface of the mash with an evenly distributed shower. 

Hashing Machines. — ^The use of an external mashing 
machme is particularly suitable for brewing the wort 
for vmegar, smce it enables a more thorough and even 
admixture of the grain and hot hquor at any desired 
temperature for the imtial mash to be made than is 
possible m the mash-tun itself 



Fig 22— Seobmi^BztetiialllBslungMiaisluiie 


The first machine of this type was mvented m 1853 by 
_ Sted, and m all essentials is the same as the TnJM»bing 
machines still most frequently m use. 

As IS shown m the section (Eig. 22), it consists of a 
siiaft B witii rakes and arms at right angles, revolvhBg 
m a horizontal (ylmder of oopp^ or iron A. 

The screw propeller H is a modem additkai, and w»S 
not presort in the original machine. The shaft is made 
to revolve by means of a strap over tihe wheel B, at a 

e 
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q)eed of 150 to 180 revolutions per minute, and thus 
causes a very rapid admixture of the hot water, which 
enters by a pipe at E with the grist which comes from the 
gnst case through a shutter E, the movement of which is 
controlled by the wheel G 

In another type of mashmg maohme the agitators are 
ehmmated Thus, m Maitland’s machme, the gnst is 
dehvered m a steady stream mto a cyhnder with per- 
forated walls This IS surrounded by another cyhnder, 
mto which the hot water is forced, and is thence drawn 
in a senes of fine jets through the perforations At the 
bottom of the cyhnder a larger jet of hot hquor is forced 
rewards, and meeting the falhng gnst, completes the 
admixture 

Hot Uquor Backs. — The use of coppers for heating 
the water for mashing has been , superseded m most 
vme^ works by a hot hquor back, which is fixed at a 
level above the mash-tun, and is connected with the 
masbing machme, and also with the underletting pipe. 
This back is usually m rectangular form, and is generally 
made of iron cased m with non-conductmg material to 
{ffevent loss of heat. 

Kie liquid is most convemently heated by wAA-na of a 
^eam p^ dehvenng steam mto the back, and if care 
be taken to prevent oil or impurities from the boiler 
^zning admission to the water, this method is qmte 
satis&ctory. 

Where, however, impurities are likely to be earned 
over with the steam, it is preferable to heat the water 
by means of a (x^per coil. The steam entering thus 
parts with its heat, and is condensed, and the water 
escapes through a trap at the end of the coil. 
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The temperature of the water in the back is indicated 
by a special thermometer, which is bent at nght an^es 
and fixed m an opening m the side of the back As a 
mle, there is also a gauge tube outside the back to show 
the height of the water withm Or, m some brewenes, 
a float attached to a cord passing over pulleys serves 
this purpose, the amount of hquor being mdicated by 
the position of a counterweight at the other end of the 
cord, in relation to a scale 

Process of Mashing. — ^The fiist stage in the preparation 
of a malt or gram vmegar is m all essentials the same 
as m a distilleiy In each case the object is to obtain 
as high a proportion as practicable of sugars m a fer- 
mentable form 

In this respect the mashmg process differs from that used 
in the brewing of beer, where, smce the aim is to leave 
a relatively large proportion of unfermentable dextrms, 
a considerably higher mashing temperature is per- 
missible. 

The vmegar brewer, hke Hie distiller,, must mash his 
malt or malt and gram at a lower temperature, and the 
boilmg of the wort practised by the brewer is usually 
unsmtable for his purpose 

If he is using a mixture of malted and unmalted gram, 
he will require a malt of good diastatic power, but when 
malted barley is being used alone a malt of low diastatic 
power (say about 30) will give good results 

The malt or mixture of malt and grain is crushed m 
exactly the same way as m a brewery, and is then passed 
through a Steel’s madnng machme mto the mash-tun, 
with the calculated quantity of water to give a mash 
at a temperature of about 120° 




Fig 23,— Mash-Ton witii Steel’s Mashing 



PEEPAEATION OP THE GYLE 


85 


The temperatuie is then very slowly raised, either by 
underletting wata: at a highei tempeiature or, preferably, 
by means of a steam coil at the bottom of the mash-tun 
In this connection it is of practical mterest to note 
that m the writers experience naked steam may be 
admitted at this stage mto the mash-tun, without any 
appreciable mjmy to the diastase of the malt After 
the temperature has m this way been gradually brought 
up to about 152° F., while the goods have meanwhile 
been kept m constant movement by the rakes m the 
tun, the mashmg is contmued until the hqmd no longer 
gives a blue coloration with lodme 
Ibis infusion is then drained ofi and a second mash 
of an hour is given with a smaller quantity of water 
at 155° F , this extract bemg drained off as before. Finally 
the goods m the tun are washed from above with water 
at 166° F , which is distnbuted over then surface from 
the arms of a revolving sparge. 

Tbe umted extracts, which will have a specific gravity 
of about 1-060 (from 45 quarters of malt), are cooled 
to about 70° F. by means of refrigerators, and are then 
fermented with yeast as described subsequently 
A wort obtained m this way is readily fermentable, 
but the use of low-dned diastatio malts and low tem- 
peratures for maifiung has the drawback of yieldmg 
vmegars which are sometimes very difficult to free from 
a sl%ht d^ree of cloudmess. This turbidity appears 
to be partly due to albuminous substances, which can be 
coagulated by heat , for boiling the worts enables them 
to be filtered with much more ease 
As a rule, however, it is not practicable for the vin^ar 
tn bml bis wnTts. smnn bv sn dnirur be converts 
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dextims into an nnfennentablo fornij and thus roduces 
hia yield of alcohol, and subse<iuently of acetic acid 
Tn practice, therefore, it is advisable to use a malt that 
has been dried at a medium temperature This mil give 
a wort which, while fomenting well, although not givmg 
the highest yield of alcohol, wiU yield a vmegar which 
can be made “ bright ” without much difficulty 
A further objection to the production of an infusion 
containing the largest possible proportion of fermentable 
sugar is that the vm^ar prepared from such a wort will 
contain very httle sohd matter, and that there wiU, 
therefore, be a possibihty of its being condemned as an 
adulterated article under the Food and Drugs Act 
Gelatinised Grain. — ^By submittmg the gram to a 
prehmmary heatmg, the staich granules swell up and 
become gelatinised, and are then much more readily 
attacked and dissolved by the diastase of malt 
For this reason it is posable to use a much larger 
proportion of gram of this description than of ordinary 
nn^mted or “ raw ” gram, mth the malt m the mash- 
tun, or to use a malt of much lower diastatic power 
Torrefied or " popped ” barley is one of these products 
It is prepared by heatmg the barley until the starch 
granules are ruptured and the gram is shghtly roasted 
la the process of roasting the moisture of the barley is 
reduced to about 3 to 4 per cent , while the fat is lowOTed 
by about 60 per cent , both of which changes are advan- 
tageous from the brewing pomt of view 
Flaked Maize and Riee. — ^As the large amount of oil 
in the maize is of no use to the brewer, preparations 
known as “flaked maize “ or “flaked maize malt“ are 
0oH in large quantities. 
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They are prepared by crushing the maize, removing 
the germ containing the bulk of the oil, and gelatinismg 
the starch by heat To some extent the heating does 
the work of diastase, and for this reason such products 
have become known as “ malts ” m the brewing mdustry. 

Haked nee is prepared m a similar maimer, but m that 
case the process is not so advantageous to good mashing, 
since nee contains much less oil than maize 
Analyses of gelatinised grains are given m Chap X, and 
show the influence of the processes upon the composition 
of the cereals 

In some vmegar brewenes nee or maize gnts are 
partially gelatinised on the spot by subjecting them to 
the action of steam under pressure This ruptures the 
starch granules, convertmg the whole mass mto a paste, 
which, when cooled to about 130® to 140® F , is rapidly 
hquefied on the addition of a small amount of crushed 
malt It can then be run into the mash-tun, where l^e 
sacchanflcation of the starch is completed at the same 
tune as the rest of the mash In this way a large quantity 
of raw gram can be mtroduced mto the mash-tun, without 
any risk of finding unconverted starch m the wort 
This entails the use of a separate vessel or ‘ converter ” 
for the gelatimsation of the starch of the raw gram, but 
by smtable manipulation and saccharification m stages 
it is possible to use the mash-tun itseU for the purpose. 

For example, a mixture of the crushed barley and malt 
IS slowly heated from about 130® to about 170® F The 
sugar formed m the hydrolysis at the lower temperatures 
protects the diastase for some tune at the higher tem- 
perature, so that a considerable amount of the starch 
m the raw gram is converted The temperature is then 
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raised to over 200® F , and kept at that point for about 
30 minutes to gelatinise the starch, after which the mash 
IS cooled to 130® to 136° C by means of a coil, and a fresh 
portion of ground malt added to complete the hydrolysis 
of the gelatinised starch When now the temperature is 
gradually raised to 155° F, the conversion is rapidly 
completed, and the wort is then drawn off, and the 
“ goods ” sparged m the usual way 

Addition of Sugar. — Certain makers of vmegars prefer 
to buy the products of the acid hydrolysis of cereal starch 
in the form of ready-made glucose, which is sold either 
in the form of a thick syrup or as a sohd 

A smtable proportion of the sugar is added to the wort 
as it leaves the mash-tun, and a much more concentrated 
wash can thus be prepared without the necessity of using 
larger plant 

Worts to which commercial glucose has been added 
usually ‘ attenuate ” veiy far, and hence m some cases 
yield a vmegar deficient in “body” To prevent the 
product bemg too tbm m this respect special preparations 
containing unfermentable dextnns are sometimes used, 
or a certain proportion of molasses may be mixed with 
the glucose. 

In several of the larger vmegar breweries a “ converter ” 
is used for transforming the starch of the cereal mto 
fenneiktablB sugar, and thus, while obtaining all the 
advantages oi a product prepared by amd hydrolysis, 
they also retain the other constituents of the gram (the 
nitrogaiGus compounds and phosphoric acid;, which are 
not {sresent m commercial glucose. 

Tli0 Gonveisioii Process. — Instead of the starch of 
oeiiesls being saccharified by the diastase of malt, a process 
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m which a dilute mineral amd is used as the hydrolytic 
agent is employed 

Maize or rice are the chief materials used by those who 
prepare their worts m this way, and when malt is also 
added, as is sometimes the case, the object of the addition 
IS to give a malt flavour to the product Or to make it 
answer more closely to the normal composition of a 
barley malt vmegar 

In converting the starch mto fermentable dextrose, the 
gram fe mixed with dilute sulphuric acid (about 3 per 
cent strength) m a closed iron vessel, where it is heated 
for several hours by steam under pressure until a sample 
of the ]i(jmd no longer gives a leaction for unconverted 
starch 

The contents of the converter, which now consist 
largely of an amd solution of dextrose, are neutralised 
with lime and chalk, which precipitate the sulphuric 
amd as gypsum, and are then drawn off, cooled, and 
fermented m the same way as the wort obtamed by 
mashing 

A converter of average size will taJre a charge of 6 to 
7 tons of grain, and the whole of the starch will be hydro- 
lysed within about three hours, when heated with steam 
imder a pressure of about 10 lbs After neutralisation 
the mixture is allowed to stand for several hours for the 
calcium sulphate to subside, and is then drawn off through 
Alters, cooled, and passed mto the fermenting tuns 

As it leaves the filters the wort (from the above-men- 
ttcmed quantiiy of gram) will show a specific gravity of 
about 1*070, and, if a strong vmegar is required, is |dtched 
with yeast directly without any dilution. It is more 
usual, however, for the hqmd to be diluted with water 
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to a specific giavity of 1 066 to 1 060 before 
fermentation 

Although the bulk of the calcium sulphate separates 
m msoluble form during the neutralisation, a considerable 
proportion mil stiH remain m solution, and will afford 
an mdication, though not an infalhble one, that the 
Tmegar has been prepared by a conversion process 



Vig/. Uiiderback and Befngerator (a d 1812 ) 


Usoafly the ^ucose solution denved from the amd 
hydrolysis of gram is readily fermentable, and a wort 
of specific gravity 1 060 can be attenuated without 
difficulty down to a specific gravity of 1 004 to 1 006 
Vm^ais prepared from the products of the “ converter ” 
are J&equently sold as “malt vinegar,’* although they 
do not comply with the defimtion suggested by the 
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Local Government Board, which requires the starch to 
have been sacchanhed by the diastase of malt 
Fermentation of the Wort.— After leavmg the mash-tun 
the wort, mdnding the spargings, is pumped through 
a refrigerator to cool it down sufficiently for the addition 
of the yeast 

In the older vmegar breweries coohng was effected by 
exposing the hqmd to the air m large shallow tanks, 
known as coolers, such as that shown m 24, 
which represents the obsolete plant used m 1812 m 
M^srs. Beaufoy & Co ’s Works But at the present day 
the same course is followed as in breweries, and the wort 
is cooled by means of refngerators, which are usually 
of the vertical type 

As is shown m 26, the refrigerator consists essen- 
tially of a' senes of superposed tubes, through which 
passes a current of cold water The wort is pumped 
into a trough above these and tnokles through holes m 
the bottom of this m a number of thin streams over 
the tubes, m succession, until it reaches the large trough 
in which the apparatus stands 
The coohng tubes are frequently of oval instead of 
orcnlar form, so as to offer a larger coohng surface to 
the hquid tackling ov^ them 
Horizontal refrigerators (Kg. 27) are sometimes em- 
ployed where there is insufficient height for the other 
type, and when the supply of water is plentiful They 
are made m the form of a rectangular trough with 
partitions at mtervals In each compartment is a hori- 
zontal tube with rounded ends, through which passes 
the cold water. The hot wort passes successively 
through these compartments, and is thus cooled m 




Big 25 — ^Vertical Befngerator. 
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Pig 26 — Eitenoi of Fennenting Tuns 



PEBPAEATIOIT OF THl OTIE 


93 


stages before nmmng mto the mam leadmg to the 
fermenting tim 

Except m cases where a good growth of yeast is the 
primary object, it is unnecessary to cool the wort for 
vm^ar to so low a temperature as is required for beer. 

Yeast may be added to the wort at a temperature of 
70° to 76° F , and although a ‘ boiling fermentation ” 
usually follows, the attenuation takes place more rapidly 
and completely than when lower temperatures are mam- 
tamed The temperature rapidly rises, and on the second 



Fig 27— Honzontal Betngeiator 


day will be as high as 90° to 93° F , faUmg on the third 
day to about 85° F., while the yeast working under such 
condifaons produces very httle “ head ’ 

In some vinegar factones the production of yeast is 
the mam end in view, while vm^ar is only manufactured 
as a by-product. In such cases the conditions to be 
followed are quite diSermit from those descnbed above 
The wort must be cooled to a much lower pomt (say 
about 60° F ), and, after “ pitchmg,” the temperature 
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in the fermenting tun must be kept at about 70° to 
75° P by means of an attemperator, or cooling coil 
\nthm the vat (see Eig 28). 

Much moie efficient aeration is also required to obtain 



28— Fementmg Ton -witli Cooling Coil and Paraohiite 


a good crop of yeast than when attenuation of the wort 
is the mam object Various devices are m use for this 
purpose. In addition to the primitive wooden louser, 
a current of air is sometimes pumped mto the vat through 
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a tube which passes nearly to the bottom of the hqmd, 
and termmates in a rose or perforated radial arms. 

A common form of apparatus for removing the yeast 
from the surface of the liquid is that known as the 
“ parachute ” (Rg 28) This consists of a funnel ending 
m a tube, with a valve near the top, which can be con- 
trolled from the outside The yeast is dnven mto the 
parachute by means of a metal “ skimming board,” as 
shown, and is collected m a tank below the tun, where 
it IS washed with water, and then pumped mto a press 

The parachute and skimming board are attached to 
a rack and pmion work, so that they can be raised or 
lowered at will, and means are also provided for making 
the skimming board sweep over the surface of the bqmd. 

Unless special precautions are taken to keep a 
low temperature and to aerate the liquid thoroughly 
during the fermentation, it is of httle use attempting 
to press the yeast, since it assumes such a slimy condition 
that it speedily dogs the doths of the filter press 

The chcdce of a yeast for the fermentation will largdy 
depend upon which of the two modes of fermentation 
IS to be followed. As brewing m the vm^su: mdustry 
takes place more or less mtermittmtly (with the exception 
of the feiotones that manufacture pressed yeast), it is 
usually not practicable to use the stram grown in the 
vmegar works. 

Apart from that, the yeast is weakened m the high 
temperature fermentation, and is less suited for a fol- 
lowing fermentation than a yeast grown at a lower 
temperature. 

The best course to follow is to select the type of brewers’ 
or distillers’ yeast which is found by Inal to be the most 
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suitable for the wort at the desired temperature, and to 
obtain a fresh supply thereof for each brewing 
Storage of the Gyle. — After fermentation is complete 



Fig 29 — Old Stale Vats 


the alcohohc wash is racked mto storage vats, where 
it is left for some weeks or months before being trans- 
feraed to the aoetafiers. The longer this period of storage 
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can be made the better the wash is suited for aoetifica- 
tion Not only does it clarify itself spontaneously, 
throwing down a depc^it of dead yeast cells, but it also 
undergoes a prehminary acetification Hence a wash 
that has been stored for three months may contam as 
much as 2 per cent of acetic acid, and thus reduce the 
tune required for the work of the acetifiers It has also 
the advantage of keeping the acetifiers cleaner than in 
the ease of freshly-fermented gyle, while the vmegar it 
produces can be obtained m “ bright ” condition much 
more rapidly than is otherwise possible 
For these reasons it is the practice m some vmegar 
works to do the mam portion of the brewing at one tune 
of the year, and to acetify the wash at another It may 
almost be accepted as an axiom that the greater the 
storage capacity of the works the better the condition 
both of the gyle and of the finished vmegar. 
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CHAPTER VII 

ACETIFICATION OF THE GYLE. 

AwAamis The Slow Process— Fiddmg— The Odeass Process— Claudou’s 
Appaiainis— The Quick Process— Enghsh Aoetifiers DamBtrciOH 
at mB Qyui The Sparger— The Tipping Trou^— Siphon Distn- 
bntors— Aeration Deyices — ^Wagenmann’s Graduator — ^Luck’s Aoetifier 
— Singer’s Apparatus — ^Bersch'sAoetifier Ao2TixiOA.iu:OHlirPBAcnaB 
Aeration — ^The Temperature — ^Efiects of Alcohol and Acetic Acid — ^The 
Qroap System — ^Disturbances due to Mother-of-Vinegax — The Vinegar 
Eel— The Vmegar Mite — ^The Vinegar Hy 

The « Slow ’* Process. — However the aloohoho wash or gyle 
has been prepared, it has to be subjected to the combined 
action of the acetic bactena and atmospheric osygen to 
convert it mto vin^ar The oldest process of effecting 
this change was by exposing the casks partially filled 
to the anr, with t[i^ bungs drawn out 

This method, which is now obsolete m this country, 
was known as “ fuUdmg,” from the fact of the caste 
being exposed m seines of rows m the vmegcMr /»e2d. 

Between each senes of rows was an underground pipe 
communicating with a “back” at the top of the brew- 
house, and each cask was filled by means of a hose attached 
to a cock upon the distiTbutmg pipe, the top of the hose 
bemg passed from cask to cask as shown m the illustra- 
tion 

Hunng fine weather the bung-holes were loosdy covered 
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With pieces of slate, to prevent aivifsaa of dust, hut during 
wet weather the bungs were repladbd. 

Several months were required for thq ccmverMOri 6t 
the gyie mto vin^ar, the length of tune depending upon 
the temperature of the atmosphere, and the amount of 
aeration that was possible by way of the bung-holes 
When the fielding was fimshed the vmegar was drawn 
off by means of siphon tubes mto a trough, the lower end 



Fig 30 — ^Vm^iax Fidd. Filling the Casks 


of which delivered mto a travelling tanh, which could 
be moved up and down between the rows (see Fig 31) 
Thence it ran through a hose and underground mto a 
weU m the building, to be pumped mto the store vats 
pnor to filtration 

This “ slow ” process of aoetification was practically 
the same as the “Orleans process'’ of mahmg wme 
vmegar, the only difference being that m the latter the 
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casks are kept m a 
heated building and 
means are provided for 
the admission of more 
air 

The Orleans Process. 
— ^The method of aceti- 
fymg wme that has 
been used trom tune 
immemonal m France, 
and especially in the 
distnot of Orleans, 
whence it takes its 
name, is not the same 
as that described by a 
correspondent of the 
Eoyal Society m 1670 
(p 6), which IS essen- 
tially the modem 
“ quick “ process 

According to 
Franohe,* the reason 
why the Orleans pro- 
cess has not been 
displaced by the more 
modem " rapid pro- 
cess” IS that it will 
not acetify alcohohc 
solutions contanung less 
than 25 per cent of 

*MamA Prat*gue in Fdbn~ 
amt it 7«mgn, p 63. 
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wine Below that strength it is necessary to add phos- 
phates and nitrogenous substances , and since these 
products from wine diluted with alcohol have to be 
sold under the name of “qiint vmegar,” the Orleans 
process has come to be regarded as the only possible 
method of makmg pure wme vinegar 

The apparatus working by the “quick method” is 
stated by tranche not to give satisfactory results with 
wine or mixtures of wme and alcohol, owmg to the tartar 
deposited from the wme cloggmg the pores of the shavmgs 
or other porous material 

OnginaJly wme vm^ar was made by the simple method 
of mmng wme with a httle vmegar and expiring the 
mixture to the air m open casks This primitive method 
was m use m some small factones, even m Orleans, as 
late as 1876, although most vihegar makers had long 
discarded it in favour of the “ Orleans process,” m which 
the acetification is effected m a series of casks of spemal 
construction provided with holes for the admission and 
outlet of air 

These casks, which are termed “ mothers,” are ranged 
m tiers, as shown m the accompanying diagram, usually 
m an underground cellar, the temperature of which can 
be mamtamed at a fairly constant pomt, while the supply 
of air entering through the door-way can be r^ulated 
as required The cellar is heated by means of a stove 
or hot-water pipes to a temperature which is never 
allowed to exceed 30® C (86® F.) 

Prior to entering the acetifying casks the wme is filtered 
through a large vat containing shavmgs, which is known asa 
“ wme-rape,” while after acetification the vm^ar is passed 
through a second rape, and matured m storage caEks. 
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The average quantity of vinegar produced by each 
cask m a month is only about 40^htre§,(8i gallons), and 
the espenses of* manufacture range from about 3 to 
3J francs per hectohtre 

The drawbacks of the Orleans process are that it is 



32— Manufacture of Wme Vinegar, Orleans Process (after 
Franehe) 


very slow, each cask yieldizig only 10 litres of vmegar 
per week, and that in consequence of this it is difficult 
to ehnunate vin^ar eels completely from the casks. 
Erom time to time the deposit of tartar which forms 
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mthin the casks is remoyed, but this does not take place 
at sufficiently short intervals for the casks to be sterilised 
and freed from the eels Moreover, even when one cask 
has been cleaned it speedily becomes mfected again with 
eels from its neighbours — ^a result which is much less 
hkdy to happen to aceMers upon a larger scale There 
is also a greater tendency m working with small casks 
for mother-of-vmegar to form, and to mterfere with the 
acetffication 

On the other hand, the slow working of the Orleans 
process produces the esters to which French vinegar 
owes its reputation for aroma and flavour 
Notwithstandmg the mvestogations of Pasteur, which 
showed in what directions the Orleans process could 
be improved, there has been but httle progress m the 
manufacture The apparatus devised by Pasteur con- 
sisted of large shallow troughs with holes at the side 
for t^-Sdng^lSiqs pf an* The amounts of vm^ar with- 
drawn and of fresh wme added were regulated m accord- 
ance with the speed of acetffication, so that the bacteria 
always had a sufficient supply of alcohol, and therefme 
did not attack the acetic acid The wme was sterilised 
before acetffication to destroy foreign organisms, while 
the ffinshed vm^ar was treated in the same way to ensure 
its keeping 

Glandon’s- Apparatus. — ^This plant was devised by 
daudon to embody the prmciples of Pasteur's teaching 
while bemg practicable upon a manufacturing scale 
It consisted essentially of a series of superposed j^iallow 
feirmentatlon vessdk C, C, C, m a sq^uare tank, about 
6 feet high, which was earned on steme pillars B 
The bottom of each fermentation vessel formed the 
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cover of tlie next one, while a floating box of special 
form was placed in each to keep the bacteria (Mycoderma) 
at the surface of the hqind. 

In each fermentation vessel were ten opemngs E, five 
on each side, the admission of air through each bemg 
controlled by a movable glass panel 
The wine was heated to a maximum temperature of 
66° C m the vat H, whence it passed mto the aoetifymg 



E!ig 33.— Oandoa’s Aoetafyuig Apparatus (after Franehe) 


vessd, while the vinegar was drawn off into the vat L, 
and filtered throng wire gauase filters with wool, which 
were contained m the vat N. Each tank A worked for 
about ten days before bemg cleaned and recharged. 

As in the origmal Orleans process, the alcohohc hquid 
(gyle) remained quiet, while its surface was exposed to 
the action of the air, and the advantage of thip apparatus 
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was that the shallow form of the fermentation vess^ 
allowed much more exposure of hqmd than was possible 
m ordinary casks 

The “ Quick” Process. — ^The general introduction of 
the so-called “ qmck ” process of acetification is attn- 
huted to Schuteenbach, who mtroduced it mto Germany 
m 1823 In all mam essentials, however, the quick 
process is only a development of the method of aoek- 
ficakon used m certain wme-vmegar factories m IVance 
m 1670 (see p 5). 

lEbe mam difference mtroduced by Schutzenbach was 
the use of a vat instead of a cask as an acekfier, with 
mechanical means for the repeated distribution of the 
gyle over the aoekfymg medium 

Until about sixty years ago both processes of aoekficakon 
were m use in Enghsh vmegar works, part of the vmegar 
being prepared by fielding, and the remainder by stomng, 
as it was called 

English Acetifiers.— The main differences between 
Enghsh and German acetifiers are that the former are 
made upon a larger scale than the latter, and as they 
are used for acekfymg an extract of gram rather than 
an alcohohc wash, must be provided with a larger supply 
of air. 

The acekfiers mtroduced mto Bnksh vmegar works, 
at the kme when the ‘stoves” replaced the vm^ar 
fidds, consisted of large vats takmg a charge of 2,000 to 
3,000 gallons 

About two-thirds of the way up a perforated false 
bottom was fixed, and the space above this was loosdy 
packed with raism stalks or shavings of beech wood, 
upon which the bacteria developed, while a current of 



106 VINEQAB . ITS MA>’UI'AOTXJBE ADTD E X A M l N ATIOy 

air 'was admitted through a aumber of holes bored m the 
side of the "vat belo'w the false bottom 
The gyle was distributed m a fine ram over the shavings 
by a revolving spaige, and running downwards encoun- 
tered the currents of air, which enabled the baotena to 
acetify a small amount of the alcohol 
The hquid coUectmg m the bottom of the vat was 
pumped up again mto the sparge box, whence it was 
once more distnbuted over the shavings, and this process 
was contmually repeated for two to three weeks, until 
nearly the whole of the alcohol had been converted mto 
acetic acid 

When fr^hly started these aeetifiers worked very 
well, but the shavings soon became dogged by mother- 
of-'vmegar, and where this happened the air was no 
longer evenly distnbuted throughout the acetifying 
medium, but made channels for itself Hence some 
parts received an excessive supply of oxygen, whereas 
in other places there was a deficiency, and the practical 
result was that part of the alcohol was not oxidised 
beyond the stage of aldehyde, while another part was 
oxidised beyond the stage of acetic acid, and was lost 
For these reasons shavmgs were replaced m many 
vinegar works by wicker basket work This was much 
lessliable to become do^ed than the shavmgs, and allowed 
the air to dreulate more regularly. 

A section of part of am acetifier constructed on these 
hnes IS shown m 34 

Distrihution of the Gyle. — One of the most important 
factors m acetifioation is the distribution of the wash 
over the acetifying medium m the finest possible state 
of division 
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The most general method of effectmg this division is 
by the use of the sparge This is frequently constructed 
upon the same prmoiple as the sparge used m the mash- 
tun (p. 80 ), but it IS made of vulcamte or block tm, to 
resist the action of the hot acetic acid 
In the largest acetifiers the sparge is often made of 
wood, and is m the form of a tapering box pierced by 
holes at the sides and with an open top to facihtate 
cleaning at mtervals 



G, Supply pipe from pump R, R, The sparge 

S, Perforated support 

Pig, 34 — Section of a Modem Acetifier with Basket Work 

Such heavy sparge will not revolve by the force of 
the escapmg hqmd, and require to be driven by a cog- 
wheel, whereas m the case of the light vulcamte sparges 
the revolution is produced by the force of hquid This 
has the advantage that any failure in the aciaon is at once 
shovm by the stoppage of an outside indicator attached 
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to the sparge On the othei hand, the narrow tubular 
sparges are much more hable to become clogged with 
mother-of-vmegar than the large wooden box sparges, 
from which any accumulation of “mother” is often 
expelled by the force of the hqmd 




Rg. ^ — Spaige of an Acetifier {Brmn&r) 


The Tipping Trough. — An ingemous device for dis- 
tnbuting the wash over the surface of the acetifying 
medium is shown m Pig. 36. It consists of a wide-angled 
trough with a partition in the middle, so as to form the 
two compartments a and At the an^e c there is an 
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axis upon which the trough can swing either to the nght 
or to the left as far as the stops d The wash pumped 
from the bottom of the acetifier falls through the tap 
into one of the compartments until this is filled to a certain 
height It then tips over and discharges the wash over 
the surface of the acetifjdng medium, while the empty 
compartment is at the same tune brought beneath the 
tap to be fiHed and discharged m the same way This 
process contmues alternately, so that each side of the 
surface of acetifying medium is alternately flushed with 
a large volume of the hqmd 

With small acetifiers this device works admirably, 
but it IS unsuitable for acetifiera of even moderatdy 
large dimensions, as the weight 
of hquid m the compartment is 
so great that m its sudden fall it 
produces a great strmn on Hie 
apparatus 

Siphon Distributors.— Another 
method of distributing the wash 36— Tipping Tcough 

is to pump it mto a closed tank (Bnmner) 

above the acetifier. In this tank is a siphon tube, the 
longer limb of which discharges the hquid mto a tray 
pierced with numerous small holes withm the acetifier, 
whence it trickles m fine streams over the shavings 
or basket work 

The air required m the siphon tank is drawn from the 
^ace at Hie top of the acetifier, so that the aeration of 
Hie wash remains under control 

In some apparatus a combinaHon of the gi pbnn tube 
and sparge is employed with the object of antanaiHoftlly 
i^ulating the siqiply of wash to the acetifier. This 
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arrangemeiit is shoim m 37 The liquid pumped 
trom the base of the acetifier is dehvered into the small 
cask c, through the pipe h When it reaches a certam 
level it IS drawn over through the ^ass siphon d into 
the funnel e of the qiarge /, and is thence distributed 
by the revolving arms g, g The pomt on which the 
sparge revolves is shown at h, while » represents the 
cover of the acetifier, and 1c, h holes for the escape of 
the air The flow of the wash mto the acetifier can 



thus be readily controlled by regulatmg the opeuing 
of the cook at &, and by raising or lowenng the siphon 
tube 

Aeration Deviees. — ^The most simple method of supply- 
mg air to the aceiafiers is by piercing a number of small 
holes m the sides of the vat bdow the false bottom that 
supports the acetifymg medium 

An effective anangement is to have from 6 to 12 holes 
with a diameter of about f inch, and it is preferable to 
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have glass tubes projecting from some of these into the 
mtenor of the vat. 

The object of this will be seen by reference to the 
accompanymg <i7a grfl,Tn (hbg. 38), which represents a ver- 
tical section of an acetlfier. The air entering through the 
holes at the bottom must tend to rise vertically upwards 
until it escapes through the openings h near the centre 
of the cover There will thus be a large cone-shaped 
area A, where the aeration will be less complete than 



Eig 38 — ^Diagram showing Aeiation of an Acetifier 

at the outside B, B This less active space becomes 
larger with the mcrease m the diameter of the vat, so 
that for this reason the aeration m small acetifiers is 
frequently more uniform than m larger apparatus 
By passing tubes a foot or more mto the mtenor through 
alternate holes, the aeration will tend to become more 
regular throughout the whole of the acetafymg medium. 

Another way of aeratmg the intenor is by means of 
an air tube in the bottom of the acetifier This projects 



112 VmiaAB ITS MAITUTACTUBE AND EXAMINATION 


upwards nearly to the level of the false bottom, and is 
protected from the falhng vinegar by a corneal roof 
supported on a tnpod (Fig 39) The an escapmg from 



Fig 39 —Aeration Device 



Rg 40 — Aeration Tabes 


the central tube is distributed by contact with this roof, 
and uses through the middle of the aoetiher 
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The same end is effected by an aeration tube of the 
form shown in Fig. 40, in which holes for the escape 
of the air are provided beneath the comcal cover. 

The outlets for the escape of the air should be of larger 
size than the inlets, and are preferably to be placed near 
the middle of the cover Shdmg shutters, which can be 
drawn across the top openmgs, enable the aar supply to 
be regulated in accordance with the yidds of acetic 
acid obtained from the alcohol m the wash 
Each acetiffer will vary m its 
speed of action and its uniformity 
of acetification, and it is, therefoie, 
necessary to vary the conditions of 
aeration in every instance until 
satisfactory results have been 
obtained. 

The diameter of the outlet 
openings at the top ought to equal 
the sum of the diameter of the 
inlets at the sides 

Wagenmann’s Gradnator . — A form of acetifier working 
by the ‘ quick process ” was devised about 1830 by M 
Wagenmann This consisted of a small oak cask about 
5^ feet hi gh by 3^ feet m diameter at the top A senes 
of holes was pierced at about 16 mches from the bottom, 
for the admission of air, while the hquid to be acetified 
was poured m through a f nnne l at the top At about 
6 inches from the lid of the cask a perforated shelf was 
fixed, fl.r»d through each of the 400 holes cotton or hemp 
wick was suspended to guide the hquid downwards on 
to the beech shavings, with which the aoetafier was 
packed. There were also four larger holes m this shelf. 



41 — Wagenmann 's 

rrrarlnatjOT 
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in which weie fixed short glass tubes projecting above 
and below the wood These weie intended for the escape 
of the air admitted thiough the holes below After 
acetification was complete the vmegar was drawn off 
through the siphon tube at the base 

In this giaduato), with its suspended coids, we have 
the germ of the idea utilised m Luck’s acetifier, m which 
the acetifymg medium consists of bunches of cords 
stretched between the distiibuting tray and the false 
bottom. 

Singe’s Apparatus. — ^This is composed of a senes of 
rectangular boxes, which are superposed above each 
other In each of these is a senes of wooden tubes packed 
with diavmgs or charcoal, and the wash is made to tnckle 
through these successively from top to bottom, while 
air is admitted through ventilatois at the sides and at 
the top 

To prevent loss of heat, the entire apparatus is enclosed 
in a case with glass wmdows 

It IS obvious that the acetification surface is much 
too small for effective working, and that this apparatus, 
which is descnbed m most of the foreign text-books, 
would he quite unsmtable for the manufacture of vinegar 
on a large scale. 

Bersch’s Aeetifier. — An Austrian apparatus, which is 
claimed to give excdlent results m practice, is shown m 
the accompanying figure (Fig 43) The wash os siphoned 
over from the trough at the top, and slowly percolates 
through layers of superposed flat plates with narrow 
qiaces between them. 

Although this acetifier is suitable for the acetafioation 
of small quantitieB of an alcohohc wash, such as is used 
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in Germany and Anstna, it could not be effectively 
used with a malt wash, smce the ^aces between the 
plates would become rapidly clogged with mother-of- 
vmegar. 

Theoretically it offers a large superficial aiea for the 
growth of the bacteria, but the' frequent cleaning that 



Eig. 42 * — SiDg6T^s Acetifier Fig 43 — ^Beisoli*s Acetifier 


it would require under Enghsh conditions of working 
would reader its use unprofitable in this country 

ACETOTGATION IN PRAGHCE. 

Whatever form of acetifier be employed, the omii^tioiis 
for eoonomicfd workiiig are essenthdly the same, and the 
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supenonty of one type of apparatus over another depends 
upon the extent to which these conditions are satisfied 

Aeration— If it were possible always to supply the 
acetic bacteria throughout the whole of the acetifier 
with exactly the right amount of aar, the conversion of 
alcohol mto acetic acid would under the normal con- 
ditions of working be theoretical, but, as a rule, m 
practice, the aeration process is far from perfect, and 
considerable losses of alcohol and acetic acid take place 
owing to the admission of either too much or too httle 
air. 

For example, m the old type of acetifiers, packed with 
beech shavings, the admission of air is by no means 
uniform throughout the material In some places, where 
the mother-of-vmegar has fallen upon the shavmgs, the 
air passages become blocked and the acetifioation is 
incomplete, while m other places the am wiU pass more 
freely, and if present m too large proportion will lead to 
the oxidation of the acetic acid already formed Hence 
aU stages of oxidation will be takmg place simultaneously 
in the acetifier, and the total result wiU be a reduced 
yield of acetic amd, the deficiency usually ranging from 
about 10 to 25 or 30 per cent , but sometimes reaching 
40 per cent or more 

The subsiAtution of basket work for shavings, as is 
found m many of the English acetifiers, is a distmct 
improvement, smoe it causes the aeration to be more 
regular, and reduces the tendeacy to the formation of 
air channels, but this type of apparatus soon becomes 
clogged, and requires frequent oleansmg if it is to work 
effectively 

In some of the ContmentaJ types of acetifiem. 
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in which the gyle is made to tnekle through tubes, 
legulai aeration is more possible, although some of 
these apparatus are hardly smtable for workmg under 
conditions m which the bactena produce an excessive 
quantity of ‘ mothei ^ 

The whole problem of successful aceMcation depends 
upon presenting the hugest possible suiface for the 
development and aeration of the bactena m a uniform 
manner, and of preventmg the air passages from becoming 
clogged through the development of the zooglceal con- 
dition of the micro-organisms. The solution of the 
difficulty IS not as simple as at first sight might appear, 
although some types of apparatus which the wnter has 
had the opportumty of examining imder workmg con- 
ditions undoubtedly give results very much nearer to 
theoretical requirements than do the average acetifiers 
used in this country 

An important factor which must be taken mto con- 
sideration IS the relationship between the economy of 
acetification and the speed with which the acetifymg 
medium becomes clogged The better the results obtained 
in the acetification the sooner wiU the vat require deamng, 
owing to the porous medium becoming clogged For 
example, a packing of fine widker-work will give good 
results at first, but alter a month or so it gradually be- 
comes closed and b^ms to work uregularly, and with a 
greater loss of acetic amd. It will then require deamiig 
and starting again, which m itself mvolves a loss of 

acetic acid with which the bai^et work has beooioe 

1 

unpr^ated. 

The same difficulty attaches to some of the ''{date” 
acetifiers, m whidh the wash is acebfied jbetween 
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narrow parallel surfaces At first, these work very well, 
and allow the air to be evenly regulated through all 
parts of the acetifier, but under English conditions, at 
all events, they soon become coated with a shmy deposit, 
a-Tifl must be cleaned agam 

Hence it is necessary to regulate the aeratmg surfaces 
in an acetifier m such a way that the loss of alcohol 
involved in working with a more open medium ifi Q j 
basket work of wider mesh) is more than counterbalanced 
by the savmg m labour effected by the less frequent 
nWmT^g of the acetifiers, which is then required 

The Temperature— After regulation of the supply of 
air, the most important factor foi the successful working 
of an acetifier is that the temperature should be kept 
withm defimte hmits 

It has already been shown (p 42) that the ophmum 
temperature for the acetification of alcohol vanes with 
different species of bactena, although in practice it is 
quite possible to acclimatise the micro-orgamsms to 
abnonual temperatures 

On the Contment the species of acetic bactena in 
common use work best at a much lower temperature 
than IS usual m this country Thus m some of the small 
Gexman acetifiers the temperature is kept at about 
90® to 96® F , and acetification would cease if the tem- 
perature rose much above 100° F In Bn^and, however, 
the acetifiers wmk best at temperatures of about 105® 
to 110° F, and the temperature can be brought still 
hi^er without mjunng the bactena 

If small acetifiers providmg a relatively large surface 
for aeration be employed, the temperature will rise 
spontaneously to the oyhimm pomt, but with larger 
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quantities of gyle, or with aeetifiers in which the aeration 
surface is relatively smaller, it is advisable to heat the 
liquid to about 70® F before startmg the acetifioation 
process 

In the case of the largest aeetifiers, taking a charge 
of 4,000 to 5,000 gallons, it is usual to heat the hquid 
in the acetrfier itself by means of a steam coil at the 
bottom of the vat For smaller aeetifiers the preliminary 
heating is eonvemently done m a tank (hned with block 
tm), filxed at a level above a senes of aeetifiers, mto any 
of which it can be discharged whaa sufficiently heated 
In the Contmental factones the whole of the acetifying 
room IS usually heated by means of a stove, and this 
course has the advantage that currents of cold air are 
prevented from entering the aeetifiers and causmg ir- 
regular acetification 

After the imtial heating of the gyle in English aeetifiers 
the bacterial omdation laises the temperature to a pomt 
which will depend to a large extent upon the amoimt of 
air supphed, so that the daily leadmgs of the thermometers 
inserted mto a hole m the side of the acetifier afford an 
index of the regularity of the acetification 
If too much air is being supphed, the temperature will 
rush up very rapidly, and it will then be found that, not 
only IS the alcohol being rapidly acetified, but that the 
acetic acid produced is also being oxidised 
On the other hand, if the temperature rises very slowly, 
or even falls, msufificient aor to promote the oxidatacm is 
being supphed, and the openings must be regulated 
accordingly. 

One advantage possessed by the EngHsh in oonqianBon 
with the Continental process is tkat the higher tonpecatuie 
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cii6cks tli6 dovclopmciit of "viiiog&r 66ls sud. tlisir sfEocts 
upon the oxidation (j) 124) 

It IS very rarely that these organisms wiU develop m 
an aceMer m which the temperature exceeds 100° F , 
although it is mterestmg to note that, hie the acetio 
bacteria, the vmegar eel can become gradually acclima- 
tised to l>^ ghftT tempeiatures In the case of acetifiers 
working at about 90° F , it is difficult to prevent their 
appeacance, nnlefifl special precautions be ta^en to use 
a stenhsed wash, and to protect the air-holes of the 
acetffier. 

On the other hand, the high tempeiatures that are 
required for rapid aoetification cause loss of volatile 
products, especially aldehyde, through evaporation To 
obviate this it is essential to prevent, as far as possible, 
the escape of air from the acetifymg chambers, or 
stoves,” as they are termed by the workmen 
Any outlet for the hot air at the top of the building 
mcieases this loss, by allowmg the volatile products to 
escape, instead of bemg gradually drawn back agam mto 
the acetffiers and further oxidised. 

The Group System.— The strength of vmegar that can 
be obtained directly from the acetffiers is restricted by 
the fact that the bacteria are sensitive to the aciaon 
both of strong alcohol and of acetic acid Alcohol m the 
proportion of about 10 per cent kills them, but long 
before that strength is reached their activity is checked 
On the other hand, they offer much greater resistance 
to acetic acid, and do not reach their full vital activity 
until the acidity reaches about 2 pei cent. 

On these facts is based the group system of acetffication, 
which consists, m bnef, of acchmatismg the bacteria to 
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thiive best under certaan conditions of alooholio and 
acetic strength 

It IS not possible to produce a 12 per cent ymegar 
dnecfly from one acetider, since the proportion of alcohol 
re(][uired would be fatal to the bacteria Hence) in the 
production of concentaated vinegars, such as Essigsprit, 
the acetification is earned out m three groups of acetifiers 
The first of these is charged with a wash capable of 
yielding about 6 per cent of aeetio acid The vinegar 
leaving these is fortified with an alcohohc wash (usually 
potato or gram spint), m sufficient quantity to yield a 
vmegar of 9 to 10 per cent strength m the second group 
of acetifiers, while m like manner the vmegar from these 
IS agam fortified before being transferred to the third 
group of acetifiers, where the acelafication is comjpleted 

Such a method of working is only possible where a 
btrong alcohohc wash is obtamable. 

Disturbances due to Mother-of-Vinegar. — ^However care- 
fully the supply of aor to the acetifiers and the tempera- 
ture are controlled, it is impossible to prevent a gradual 
accumulation of mother-of-vinegar upon the baskets or 
porous packing m the vat When once this “tripe,” 
as the workmen term it, begms to form, the proper supply 
of air IS checked, and under these conditions the growth 
of the mother-of-vmegar mcrease still further. 

The formation of this remarkable zoo^oeal condition 
of the bacteria (see p 34) appears to be promoted by 
the presenoe of a limited supply of air. 

Tor example, if a bottle of freshly-made vm^ar be 
ti^Hy omked no atimilQn beyond a £d%ht deposituni 
of albummous matter will take place, but tiie cork 
be slightly loosened so '^ikt a trace of aur gams a dmissio n 
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to the hqmd, a succession of solid gelatinous wads will 
form m the neck, and eventually fall to the bottom 
This IS commonly desciibed as the vmegar “ becoming 
mothery, ’ and is the cause of occasional complaints 
It is completely cured by steiilisation (see p 132), 

The Vinegar EeL— As is mentioned above, one of the 
greatest troubles with which the vmegar maker has to 
contend is the nunute animal known as the vinegar eel 
There are numerous references to it m smentifio htera- 
ture, one of the earhest being m the Philosophical Essays 
of Robert Boyle (1661) — We have made mention to 
you of a great store of hving creatures which we have 
observed m vmegar , of the truth of which observation 
we can produce divers and severe witnesses, who were 
not to be eonvmced until we had satisfied them by ocular 
demonstration, and yet there are divers parcels of 
excellent vmegar wherem you may m vam seek for these 
hvmg creatuies, and we are now distillmg some of that 
hquor, wherem we can neither by candle light nor by 
daylight discern any of these httle creatures, of which 
we have often seen swarms m other vmegars ” 

The occurrence of eels m vm^ar did not escape the 
notice of Leeuwenhoeok, who has the following amusing 
reference to them* — "I have also descnbed a full- 
grown hve eel, such a one whereof there were many more 
m the vin^ar 1 cannot but take notice how some men 
are deceived that thmk of the sourness of vmegar proceeds 
from eels pnokmg their tongues with their tads, for if 
this were true, then would some vmegar be flat because 
there are no eels m it, or rather eels are dead m it, as is 
usual in cold or frosty weather 

* Trms Bay Boe , 1686, xv , 965 
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The organism to which these statements lefer is the 
Lepfodera oosopMa, and appears to be identical with the 
“ eels that will devdop m sour paste 
It IS of very frequent occurrence m Continental vmegar 
works, where the vin^ar is manufactured at a lower 
temperature than is usual m Eng land. According to 
Cfeemat, it may be mtroduced mto the vmegar from the 
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Fig 44— Vmegar Eels {Pasteur) 


water, but it is much more piobable that it is derived 
from the air 

Occasionally when vin^r is exposed to the air for 
a short time it will swarm with these creatures, and tibe 
same thing may happen in an acetifier, so that every 
drop of the vinegar has the appearance shown in Eig. 44. 
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The structure of the vinegar eel is very simple (l\g 46), 
the body is cylmdncal, and ends m a sharp point, and 
the slnn, which is changed from time to time, is smooth, 
structureless, and very strong According to Czemat’s 
average measurements, the length of the male’s body is 
about ^ mch, and that of the female about ^ mch 

Vinegar eels move either backwards or forwards, and 
progress by alternately shapmg themselves mto an S 
and straightemng out agam They appear to be m- 
cessantly dartmg through the vinegar m all directions, 
but always with a tendency towards the surface, for 
they are air-breathmg animals 



Rg 46— Vm^ar Ed, h^hly magnified (Pasteur) 


They are capable of living m very dilute alcohol or 
acetic aad, as well as m vm^ar, and can resist great 
variations m temperature, not being killed until the 
temperature reaches 140° to 160° F in one direction or 
22° F in the oth^ 

Pasteur* was the first to pomt out how harmful the 
vinegar eel was m the manufacture of vinegar. Should 
they develop within an acetifier a struggle for aar begins 


*Loe ett 
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between them and the acetic bactena For a time a 
working balance may be struck between them, and the 
air shared , but during this strode, which may last for 
weeks, the activity of the bacteria is impaired, and though 
the conversion of alcohol mto acetic acid stiU proceeds, 
it does so with an mereased expenditure of time and a 
reduced jield 

Should the vmegar eels gradually obtain the upper 
hand, they mterfere more and more with the working 
of the apparatus, and eventually the acetification comes 
to a standstill If, on the other hand, the bactena get 
the mastery, they tend to deposit ‘mother” on the 
surface of the liqmd, as the result of their obtaining 
insufficient oxygen This skm effectually prevents the 
eels from breathing when they come to the surface, and 
so they pensh and fall to the bottom of the acetifier, 
where they accumulate as a white deposit and may 
putrefy In either case the only remedy is to clean and 
disinfect the apparatus and start afresh 

It was only with difficulty that Pasteur could convince 
certam French vmegar makers of the advantage of getting 
nd of the vme^ eel, for so general had it become with 
f.hATn that they had b^nn to look upon it as an essential 
part of the process instead of a deadly enemy. 

Even after vm^ar containing eels has been freed from 
i-.hAm by filiation the ova remain, and under smtable 
condition will devdop mto eels, which will rapidly multiply 
and make the vmegar appear turbid, though without 
materially affecting its acetic strength. This affeeiT' 
development of eete is eaaly prevented by heating the 
vmegar to 160® P m a sterilising apparatus, as described 
on p. 133 
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The Vinegar Mite.— Another enemy of the acetic 
bactena is kno^ as the vmegai mite ” When once 
it obtains a footing withm an acetifier it multiphes 
rapidly, mterferes -with the oxidation, and is not easily 
extemunated Beisch lecords a case that came under 
his observation The vmegar made m a certain Italian 
factory swarmed with these mites, which had finally 
brought the acetification to a complete standstill The 
manufacturers attiibuted their presence to the soil below 
the acetifiers, but had no idea that they pointed to a 
want of eaie 

It is through the aeiation holes m the acetifiers that 
the imtes gam access to the apparatus, and attempts 
have been made to prevent this by placing bird-hme 
lound the outside of the holes, while m some of the 
moie recent patents fine wne gauze is used for the same 
purpose 

At first the acetic bacteria do not appear to be much 
affected by the piesenoe of the mites, but as these morease 
and then die and fall to the bottom their dead bodies 
begm to putrefy, and the putrefactive bactena will sooner 
or later master the acetic bactena 

The vinegar m which the mites have gamed the upper 
hand has a pecuhar yellowish shade, and contains what 
appear to the naked eye to be fine white specks 

When exammed under the microscope these have the 
appearance shown m 46 and 47 

These two forms, apparently those of the malft and 
female, are always present. They appear to belong to 
tdie class of SareoptidcB 

When once vm^ar mites have become estabhshed 
^thin an acetifier, they can only be expelled by destroying 
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them simiiltaneonbly Tvith the acetic bactena For this 
purpose the vat must be emptied, and the mtenor thor- 
oughly washed with hot water, then well fumigated with 




47 — ^Vmegax Mite {Bersek). 
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burning sulphur until all life is destroyed, and again 
washed It is then recharged with gyle and a httle crude 
vineo-ar contaiiirng the bactena, but it wiU be some tune 
before the acetifier gets into working condition again 
The Vinegar Fly. — ^The vmegar fly {Drosophla funeh is) 
IS of very common occurrence, and may be observed m 
any vmegar works durmg the hotter months of the year 
It is about one-tenth of an mch m length, and is character- 
ised by its large red eyes, red thorax, and red legs The 
abdomen is black with yellow stripes, and the wings are 
somewhat longer than the body According to Brannt, 
the larva is white, has twelve segments to its body, and 
four wart-like structures on the back After eight days 
it is transformed into a yeUow chrysahs 

V’liegar makers are not m the habit of paying much 
attej.tinn to the piescnce of the vinegai fly, smce, so far 
as is known, it does not m any way affect the manu- 
facture, and it IS readily prevented from becoming a 
nuisance by keepmg the works thoroughly clean and 
not allowmg any spilt vmegar to he about upon the 
ground 
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CHAPTER Vin 

TREATMENT OF THE CRUDE VINEOAR. 

!Filtrafiioa — CSanfication— Aebon of Fenno,yaiade—Steii]i8ation— Storage — 
DistilMion — Compositioii of the Besidne m the StiQ 

Filtration of Vinegar. — After leaving the acetifiers, the 
crude vin^ar is pumped mto store vats, where it is allowed 
to remain for several weeks or months to mature Baring 
this storage period it deposits albuminous matter, bac- 
terial cells, etc, and undergoes partial clanficaidonu 
In fact, the longer the vmegar San be stored the more 
readily can it subsequently be made sufSoiently “ bright ” 
for sending out. The filters used m vmegar factories are 
technically known as ‘ rapes,” owing to the fact that 
raisin stalks or lapes wmre first used for the purpose in 
the sev^teenth century (see p. 6) The spent raasm 
ttons left as a residue in the manufacture of British 
wines are still sometimes used for this purpose, although 
as a rule the filter bed is generally composed of other 
filtering media, such as beech chips, m conjunction with 
layers of shingle, sand, or kieselgohr 
Paper pulp is also used for filtering vmegar, and has 
the advantage of yielding a brilliant filtrate, alihou^ it 
soon becomes do^ed, and ofEers tirffifinltiPiH in the case 
of vinegar winch has not been stored for along tiine. 

The general appearance of the inside of a 
shed is shown in 4S. 

» 
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The large vats, each of which takes a chaige of about 
3,000 to 4,000 gallons, are arranged m rows down the 
ades of the shed, and each is provided with its own pump, 
and mams, so that the vmegar can be pumped mto any 
of them at wdl 

The filtering medium is supported upon a false bottom 
some distance up within the vat, so that a vertical section 
of a ‘ rape ” shows two layers of hqmd separated by the 
filtering medium 

It is a common practice for the “ rapes ” to be woiked 
in groups The vmegar from the store vats is mtroduced 
mto the first group, and is there contmually pumped 
over and over, until it is bnght enough to be passed on 
to the second group of lapes Theie the same process 
IS repeated until the vmegar is nearly briUiant, and the 
filtration is then completed m the third group of rapes, 
which should yield a product described by the workmen 
as candle-bnght “ 

When the vmegar has been brewed from a low-dned 
malt, or when much raw grain has been used, it is extremely 
difilcult to remove the last traces of suspended matter, 
and the vm^ar will contmue for a long tune to show a 
charactexistac silken opalescence, which might escape 
notice m ordinary daylight, but is very obvious when 
the bottle is held up to an artificial hght 

Clarifieatton of Vinegar. — The persistent oloudmess 
which occurs m oertam vinegars is sometimes more 
rapidly removed by a process of danfication than by 
filti ation The methods employed are sometimes mechani- 
cal and sometimes chemical. In the first case an m- 
soluble substance, such as Spanish earth or kiesdguhr, is 
stirred up with the vm^ar, and as it subsides it carries 
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down with it the albuminous paiticles to which the 
turbidity is due. 

In the chemical methods the albuminous substances 
may be precipitated by the addition of a gelatinous 
agent, such as isinglass, or a measured quantity of a 
solution of potassium fenooyanide may be added 

Preeipitalion with Ferrocyanide. — ^This reagent will 
precipitate, not only a portion of the nitiogenous com- 
pounds, but also any iron m the vinegar, and the vats 
m which the precipitation is earned out aie usually 
stamed dark blue from the formation of Prussian blue 

It IS essential, however, that no excess of ferrocyanide 
should be used, and on more than one occasion vinegar 
contaimng such excess has caused a bright blue colour 
to appear m pickles which had been preserved m brine 
containing a trace of iron. 

The behaviour of potassium ferrocyanide m vmegar 
was mvestigated by Harden* It was found that the 
oxidation which took place ^ontaneoiisly m an aqueous 
solution of potassium ferrocyanide also occurred when the 
salt was dissolved in dilute (6 per cent ) acetic acid, a 
deposit of ^Prussian blue bemg formed, while hydrocyanic 
acid was hberated m accordance with the equation — 

7H4Fe(CN)e + 02 = 24HaN + gHjO + Fe(CSN)i8 

The hydrocyanic amd thus produced disappeared very 
slowly from the acetic amd, the amount bemg but slightly 
reduced after the hquid had stood for a month. 

When, however, the feiiocyamde was added to viuegar, 
some further reaction apparently took place, for althou^ 
the deposit of Prussian blue was obtained, it was not 
* Dr SamU’t Deport to L Q.B , 1908^ p 27. 
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possible to detect hydrocyanic acid m the filtrate from 
that deposit Possibly it had entered into combination 
mth the aldehyde of some other constituent of the vm^ar^ 
and this explanation of the failure to detect it received 
support from the results of experiments, which showed 
that hydrocyanic acid did actually combme with some 
substance m vinegar to form an unstable compound, 
which was decomposed when the vmegar was heated 

Altho ugh no defimte proof was obtamed of the forma- 
tion of hydrocyanic acid when an excess of ferrocyamde 
was added to vmegar, the evidence pomted to its pro- 
duction, and justified the conclusion that such vinegar 
should be looked upon with suspicion 

Sterilisafion of Vinegar. — After filtration or clarifica- 
tion, vmegar will still contain acetic bacteria or their 
spores, and when exposed to the air will soon become 
coated with a zoogloeal film When the vmegar is sent 
out m casks, and the consumers allow air to gam access 
to it, by not replacmg the spigot, this growth of the 
bacteria will occur upon the surface and make the hquid 
turbid. In other words, the casks become “ mothery.’* 
The same thing happens m the case of bottled vmegar 
when the stoppm: is defective and allows air to enter 
tlm bottle. 

Long contmued storage of the vmegar before sending 
out wffl check this growth of " mother,” as a large pro- 
portion of the Imcteiia will die when the vmegar is kept 
for some months m a well-olosed vat Want of space, 
however, may prevent this from being practicable m 
many cases, and at best it is not as efiectual as stenhsmg 
the vmegar 

As all the species of acetic baotena pensh at a 
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lelatively low temperature, it is sufficient to heat the 
vinegar to 150® F, to insure its keeping, even when 
exposed to the air, since the acetic acid will prevent the 
development of micro-orgamsms from without This 
process of sterilisation is most simply effected by passing 
the vm^ar through a coil surrounded by a tank of 
water, which can be heated by steam to the stenlismg 
temperature. On leavmg this heatmg tank the vm^ar 
IS passed through one or (preferably) two other coils 
chilled by a current of cold water, and is thus cooled down 
nearly to the normal temperatme, and leaves the stenhsmg 
apparatus without any appreciable loss of acetic acid 
The construction of the steriliser will be understood 
by reference to the accompanying diagram, m which 
A lepresents the feeding tank into which the vinegar 
18 pumped, to give it sufficient height to flow through 
the apparatus The heatmg tank is shown at B, and 
the cooling tanks at C, the temperature of the vmegar 
as it leaves B and Q being mdicated by thermometers 
in the vin^ar mam at the pomts e and / 

The flow of vmegar is regulated by the cook g, until 
the temperatme shown at the pomt e is not less than 
150° F. while the temperature of the vmegar leavmg the 
coohng tank should not exceed 70° to 76° F at the pomt / 
Stenhsation m this way causes a slight deposition of 
albummous matter after the vmegar has stood for some 
time, and for this reason it is advisable to run the stenhsed 
vmegar mto storage vats, and to leave it for a few days 
before bottling This is not so unportant m the case of 
cask vmegar, smce the sh^t deposit will not be notioe- 
able, and when once it has subsided does not affect the 
permanent bnghtn^ of the hqmd. 
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In addition to its action in improving the keeping 
qualities, stenbsation has also the effect of maturing 
the vm^ar, and of giving a softer taste and less acid 
aroma. It is probable that this is due to its promoting 
the combination of the residual alcohol in the vinegar 
with the acetic acid, and thus accelerating the forma- 



At xoand mto wliich Cold water maui 

vmegar is pomped. H, Outlet for water 

Beating cylmdec G, Outlet for vinegar 

C, Coolmg o^linder T, Thermometers 

D, Steam pipe 

Eig 49---l)iagEam of Stenlising Apparatus 

toon of the esters to whiidh matured vinegar owes its 
flavour. 
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Fig 5U — ^Vmegai Still 



TREATaiENT OT THE OBUDE TINEGAB 


135 


Distillation of Vinegar. — Q^e eaxly method of distilling 
vm^ar to obtain atomatw or ladkal vinegar has already 
been described (p. 63) The drawback to a simple dis- 
tillation at the ordinary pressure is that it is not possible 
to ezpd the acetic acid without at the same time over- 
heatmg the sohd matter m the vmegar, so that empy- 
reumadc products aie also distilled Hence the early 
process was not economical, for a large proportion of 
the acid had to be left behmd with the residue m the 
still. 

In the modem process the vm^ar is distiUed at a lower 
temperature under reduced pressure, and the distillation 
can then be earned very much further without any risk 
of burning the solid residue 

The small stills commonly used take a charge of about 
100 gallons of vmegar They are made of tm, and are 
heated by a steam jacket. The outlet pipe of the still 
is connected with a coil immersed in a tank of ruuning 
water, and this dehvers mto a receiver, in which is a 
pipe connected with a vacuum pump Instillation is 
effected at a reduced pressure of 15 to 20 mches, and is 
contmued until the still contains only a semi-sohd mass 
resembling treacle. Eig. 50 shows one of the vmegar 
stills used m the works of Messrs. Beaufoy & Co 

By interropting the distillation at definite points it 
is poi^ble to obtain distillates of considerably higher 
strength than the oii^hal vmegar Bor example, if a 
6 per cent, vin^ar be distilled, the first third of iiie dis- 
tillate will contam about 3 per ceut. of acetic aesd, the 
second third about 5*5 per cent , and the final tiiiid 
between 9 and 10 per cent 

The residue will also retain a small proportion of 
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acetic acid, while the other constituents of the malt and 
gram wiH be present m a concentrated form The stdl 
residue, m shoit, is a dark malt extract, shghtly acid, 
and devoid of any diastatic capacity. 

Analyses of two samples of still residues made by 
Allen * gave the foUowmg results — 


1 

i 

1 

From Bailey 
Vinegar 

Fiom Kice and 
Gram Vinegai 

i 

Per cent 

Per cent 

1 Total solids, 

43 20 

72 30 

: Ash, 

8 38 

9 21 

, Alkalinity of ash (KoO), . 

2 07 

1 40 

^ Phosphonc acid. 

2 67 

0 24 

Nitrogen, 

2 63 

2 63 


The distdlate is sold under the names of diMled malt 
vinegar^ white vinegar, and white wine vinegar, while it 
has been held by a Sheriff in Tife that distilled malt 
vmegar may legally be sold as “ malt vmegar ” 


* Analyst, 1893, xviu , 241 
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CHAPTER IX 

METHODS OF EXAMINATION. 

DeteksjEINaiiox of Acrorri— Automatic Supply Burette— Standardisation 
of Alkali Solutions— Salleron's Ac6timfetre— Otto's Acetonietei>— 
Standards of Aeidily— Crude Pyroligneous Acid— Total Solids — 
Alkalini ty of the Ash— 3kII^EB4L Acuds — ^Detection— Betermmation 
— Combmed Sulphunc Acid — ^Methyl-aeetol — ^Formic Acid — ^Total 
NrrROGBN — Nitrogenous Compounds — Phosphoric Acid — ^Ikositol 
IX WiXB Vinegar— Colouring Matters— jtteasurement of Colour 
Intensity — Lovibond's Tmtometer — Caramel — Cochineal — Archil — 
Metalltc Impurities— Iron — Copper— Lead— Tm—Aifieii«>—Ofifi^ 
Method of Testing for Aisenio 

Determination of Acidity.— The acadity of most ordmary 
vmegars may be accurately determined by titration with 
standard sodium hydroxide solution, with phenolphthalem 
as mdicator In the case of very dark samples dilution 
is necessary, or the caramel may be precipitated with 
fuller’s earth, and an aliquot part of the filtrate titrated. 

‘ ^ottmg ” tests with htmus paper as mdicator have 
been shown by Erode and Lange * to give results about 
1 per cent, lower (in terms of ^ alkali solution) than 
direct titration with phenolphthalem as mdicator Hence, 
litmus is less rdiable than phenolphthalem as an mdicator 
for vinegar 

Where numerous samples require titrating every day, 
as m checkmg the working of acetifiers, it is advisable 

* ArbtH Kaia&rl QesJtnd^sitaamiy 1900, xcs., I 
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to use a special stock alkali solution, with an automatic- 
supply buiette, with a guard to prevent absorption of 
carbon dioxide 

Standardisation of Alkali Solutions. — ^The most rapid 
method of standardismg an alkah solution is by the use 
of pure oxalic aad. The oidmary pme'’ chemical 
usually requires further punfication foi this puiTpose 
This may be readily effected by shaking the crystals 
with warm water m msuffieient quantity to dissolve 
them completely, filtermg the solution, and 
leavmg the fdtrate to ciystalhse The new 
crop of crystals m dried with filter paper at 
the ordmary temperature, and kept for use 
as an original standard 
Salleron s Acdtimfetre. — ^The mstrument 
used by the French excise officials (and by 
the Customs officers m Mauritius) for esti- 
matmg the acetic strength of vmegar is a 
simple glass tube closed at one end and 
graduated mto divisions The first of these, 
startmg from the bottom, is marked with 
the word “ Vinaigre’ and mdicates the 
qnantityj^of vinegar (4 c c ) to be taken for 
the test 

This quantity of vmegar is mtroduced by 
means of a 4 e.c. pipette, a drop of phenolphthalem solu- 
tioii added, and then successive small quantities of a 
standard sduticm of sodium hydroxide,* the tube being 
closed with the thumb and shaken each time until a 
permanent pink coloration is obtamed after the addition 

* c c nratcalise 4 e c oi diiote sulphuno acid (100 grammcB 

m(moli3dnited acid diluted to 1,000 co.}. 



1^51 

Salknm'a 

Aadtmitze. 
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oi a single drop The ‘•trength of the vinegar may then 
be lead directly upon the hcale For acids above 25 pei 
cent m btiength cone^pondmg dilution is necessary 
An mstniment of a ‘similar kmd known as Otto’s 
acetometer. i" u-ed by the ( *ustoms officials m Germany, 
while a moie accurate tube ha«. lieen devised by Dujardm. 

This method of determmmg the acidity of vmegar is 
only capable of giving lOugh estimations, although, on 
the whole these aie much nearer the truth than the 
results given by the old acetometer of the British Excise 
(p 15) 

Standards of Acidity. — The standard for the nummiim 
strength of vinegar adopted in 1877 by the Society of 
Pubhc Analysts has already been mentioned (p 61). 
Although this limit had no legal sanction, it was generally 
accepted by the trade, and convictions for watering ” 
were from tune to time obtained for the sale of vinegar 
containing less than 3 per cent, of acetic acid 
In ^lay, 1912, the Local Government Board recom- 
mended that no vmegai oi aitfficial vmegar should be 
sold containing less than 4 per cent, of acetic acid. 

Suice the Local Government Board has no power, 
without fresh legislation, to fix standards, it is question- 
able whether the action taken by certam pubhc authori- 
ties against the vendors of weaker vmegars would be 
supported if an appeal were made from the convictions 
obtained m several inctance^- 
So clearly is this recognised m some quarters that 
certam borough» have refused to prosecute the vendoKS 
of weak vm^ar, and have urged that oombined action 
should be taken in petitiomng for the necessary pow^ 
to be conferred upon tlm Locsd Govranm^ Bound. 
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Several of the Colonies have fixed himts for the strength 
of the vinegais which may be sold within their jurisdiction 
The question of stiength is also taken mto account 
m duties upon vmegai imported mto the different 

countnes, and is thus frequently brought to the notice 
of 'FiUgliah manufacturers 

A list of the prmcipal Colomal tanfis for vmegar and 
acetic acid will be found m Appendix I 
Estimation of the Strength of Pyroligneous Acid.— The 
titration of crude pyrohgneous acid presents considerable 
difficulty, owing to the deep colour of the hqmd preventing 
the end-pomt of the leaction being seen 
The strength may be approximately estimated by 
Mohi’s method, m which a weighed quantity of the acid 
IS stured with a weighed quantity of barium carbonate 
until effeivescence stops, aftei which the undissolved 
banum salt is separated, washed, diied, and weighed 
The acids will coirespond to the amount of banum 
carbonate dissolved, and aie calculated as acetic acid. 
Or the undissolved carbonate may be determmed by 
titiation with standard mtnc acid 
Total Solid Matter. — Usually a measured quantity 
(10 Q.O.) of the vm^ar is evaporated on the water-bath 
with frequent shaking, and the residue dried m the 
water-oven until constant m weight The shakmg of 
the dirih during the evaporation accelerates the expulsion 
of the acetic acid, which is obstmately retamed by the 
sohd matter. Thus, it was shown by Brode and Lange * 
that a wme vmegai when evaporated without shakmg 
left a lesidue of 0 79 per cent contami^ 0 2 per cent, 
of acetic acid, while when the dish was frequently shaken 
* Albeit Raised Cksan^tbOmie, ld09, xxs. , 1 
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the residue was 0-64 per cent , and contained only 0 08 per 
cent of acid. 

In any case, titration of the acidity of the residue and 
deduction of the result from the amount obtained by 
wmghing IS a necessary correction 
An appiozimate estimation of the total solids, accur- 
ate withm about 0 1 per cent , may be rapidly made by 
titrating the acidity, and determining the specific gravity 
of the vinegar at 15° C by means of a standard Bates*^ 
saccharometer 

f!rom the specific gravity thus mdicated the amount 
correspondmg to the acetic acid strength at 15° C is 
found by reference to Oudemanns’ table (p 75) 

The difference will show the specific gravity due to the 
sohd extract from the wort, and the amount of the latter 
may be found by reference to the subjomed table (p. 142), 
which is abridged from Schultze’s long table 
The following example may be givoi by way of illus- 
tration — 

A sample of malt vmegar had a specific gravity of 
1 014 at 15° C and an acidity of 4 5 per cent. This 
degree of acetic acid corresponds to a ^ecific gravity of 
1 006 , while the specific gravity due to the sohd extract is 
10*14 — 0 006 = 1*008 A specific gravity of 1 008 repre- 
sents 2*09 per cent of total sohds m Schultze’s table, while 
the amount determmed by evaporation was 2*07 per cent 
Alkalinity of the Ash. — ^In some cases an mdication of 
the probable ongm of a vmegar may be obtamed 
determining the alkalmity of the ash, since in a vinegar 
brewed from glucose the mmeral acid used for the hydro- 
lysis win have combined with part of the bases, and thus 
cause the propoitum of potassium oxide to be low 
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SCHOLTZE’S EXTRACT TABLE 


Specific 
Gravity at 

16 cc 

1 

Extiact m 
100 Gims 

1 

Ertiact in 
100 cc 

Specific 
Gravity at 

15 cc 

Extract in 
100 Grms 

Extract in 
100 cc 

1 

Gnus 




■Pi 

10001 

0 03 


10125 

3 23 


10005 

013 




334 

10010 

0 26 

0 26 , 



3 39 

10015 

0 39 

0 39 1 

10133 

343 

348 

1-0020 

0 52 

0 52 1 


348 

353 

10025 

0 66 

0 66 

1 0138 

3 56 


1-0030 

0 79 

0 79 


3 61 


1-0035 

0 92 

0 92 

10143 

3 69 

3 74 

1-0040 

105 

105 

10145 

3 74 

3 79 

1-0045 

118 

119 

10148 

3 82 

388 

10050 

131 


10150 

3 87 

3 93 

10055 

1 144 

145 

10153 

3 95 


1-0060 

! 156 

167 

10155 



10065 

169 


10158 


414 

1-0070 

, 182 

183 


413 


1-0075 

' 195 

196 

1 0163 

4 21 

4 28 

1-0080 

, 207 


10165 

4 26 

433 

1-0085 

220 


10168 

434 

4 41 

1-0090 

! 233 

2 36 1 


4 39 

446 

1-0095 

! 246 

2 48 ' 

1 0173 

4 47 

455 

1-0100 

258 

2 68 > 

1 0175 

453 

4 61 

1-0105 

, 2 71 

2 74 1 


4 66 

4 74 

1-0110 

r 284 

2 87 

I 10185 

4 79 

4 88 

1-0115 

! 2 97 



4 93 


1-0120 

< 

310 

1 

3 14 j 





io. the United States’ official definition of malt ym^ar 
it is enacted that the ash from 100 c o of the afl,TnplA 
shali leqnire foi its neutralisation not less than 4 cc 
of deeinomal acid 

Actual detennination of the potassinm oxide 
as practised by Tatlock usually afiords a more 
satisfactory cnterion than the titration of the 
ash. 

The variations m this figure m difierent kmda of vinegar 
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may be lUustiated by the following results given by 
Allen* — 


1 Oiaiii and Malt 

[ . . 1 

1 

Gram and Sugax 

Bice 

Sugar j 

Alkahmtv as • 

per 100paxtso{l|0091 to 0118 

003 

0 013 

traces 

vinegar, J 

1 





DETECTION OF FREE 3kIINERAL ACIDS 

Hilger’s Hetbod. — Free mmeral acids in vinegar may 
be detected by means of a solution of methyl violet 
(0 1 gnn. per 1,000 c e ), which is not afiected by acetic 
or other organic acids, but is changed to blue or green 
by mineial acids. The test is best apphed by adding 
4 to a drops of the reagent to 20 c.c of the vinegar, 
shaking the tube and comparing the colour with that 
obtained with dilute acetic acid coloured to the same 
intensity with caramel 

Congo-red paper is also useful as a preliminary test, 
bemg changed to blue by &ee mineral adds, though it is 
not affected by acetic add. 

DETERMINATION OF MINERAL ACIDS 

Hilger^s Method.— Twenty c c of the vmegar are neut- 
ralised with N/alkali solution, with turmenc paper as 
mdicator, and evaporated to about 2 c.c , and the residue 
IS mixed with a few drops of a 0 01 per cent solution of 
methyl violet 2B and 4 cc of water. The hq^md is 
heated to boiling point, and titrated with N/sulphuiic 
amd until the colour changes to blue or gcem It is 
* Anal^si, 1894^ xix » 15. 
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advisable to compare the change of colour with that 
given by an aqueous solution of the methyl violet con- 
taining about the same quantity of caramel as the vinegar 
m question 

The difference between the number of c o of N/aJkah 
solution originally used and the number of o c of sulphuric 
acid required m the last titration corresponds to the 
amount of free mmeral acids present The result multi- 
phed by 1 226 gives the percentage m terms of sulphuric 
acid 


FREE SULPHURIC ACID IN VINEGAR 

The amount of free sulphuric acid (0 1 per cent ) which 
was expressly permitted to be added to vmegar by the 
Act of George in of 1818 was often considerably 
exceeded Thus, m the year 1862, a body of Commis- 
sioners appomted by the Lancet* examined 27 samples 
of vmegar typical of the products of the prmcipal manu- 
facturers m this country The samples of only two 
makers were found to be quite free from sulphuric acid, 
while the others contained from 0 63 to 6 02 parts per 
1 , 000 . 

These figures, however, mcluded sulphuric acid present 
in the form of sulphates, the proportion of combmed 
acid lang^ from 0'44 to 0 39 part per 1,000, so that 
many of the samples were well withm the legal limit 
for free add. 

At the present time it is improbable that any manu- 
facturer m this country adds free sulphuric acid to his 
vmegai, although, as may be gathered from Muspratt’s f 

* Lancet, Aug 28, 1852 
T Dictionarg of Ohemtstrf/, I860, p 16 
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account, the practice died very slowly It is perhaps 
hardly necessary to add that vin^ars of sufficient acetic 
strength will keep quite well without any such addition 
Hehner^s Method . — A method of detecting and esti- 
mating free sulphuric acid and other mmeral acids m 
vmegar was based ly Hehner* upon the fact that 
potassium and sodium acetates (or tartrates) are always 
present m vmegar If a small amount of a mmeral acid 
is added, it will decompose a correspondmg quantity of 
acetate or tartrate, with the hberation of the organic 
amd, but if added m excess of the correspondmg quantity 
of organic salts this excess wiU remam as a free acid. 
Hence, vinegars that contam acetates or tartrate cannot 
contain a free mmeral acid, and smce on igmtmg these 
organic salts they are decomposed mto carbonates, an 
examination of the ash of the vin^ar may afford an 
indication of the presence of free mineral amd 
If the ash is alkaline, it is probable that no free mineral 
acid has been present m the vin^ar, although a quankty 
insufficient to decompose the whole of the acetates or 
tartrates might originally have been added, and it is 
possible for calcium sulphates or other calcium salts to 
be decomposed m the igmtion, and to render the ash 
alkalme , but if the ash is neutral the presence of free 
mmeral add is probably indicated 
Bstimafion of Free Acid. — Hehner’s method wdl also 
^ve quantitative results £!ifty cc of the vinegar are 
evaporated with 25 c c of sodium hydroxide solution, 
and the residue charred at a low temperature, mixed 
with 25 cc of ^ sulphuric acid, boiled, filtered, and 
washed The filtrate is titrated with ^ sodium hydroxide 
♦AwrfM 1877,1,106. 


10 
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solution, -with litmus or coohmeal as mdicator The 
number of c c of alkali required corresponds to the free 
mmeral acid 

Owing to the necessity of repeatmg the estimation if 
the amount of alkah origmally added was insufficient, 
AHpn and Bodmer* modified the test by neutrahsmg 
the whole of the acid present in the -vinegar pnor to the 
evaporation 

In the case of vmegars, such as those denved horn malt 
or gram, which contam a large proportion of phosphate, 
it IS necessary to take mto consideration the fact that 
any phosphoric acid hberated m the test will react with 
alkah (methyl-orange as mdicator) m a different way than 
hydrochlono or sulphuric amd The importance of this 
pomt has been emphasised by Richardson and Bowen f 

On boihng potassium phosphate, KjPO^, -with a defimte 
excess of sulphuric acid, potassium sulphate and phos- 
phoric acid are produced, but on titratmg the excess of 
sulphuric acid, different results are obtamed when methyl- 
orange and phenolphthalem are used as mdicators 

The end pomt of the reaction is reached, with methyl- 
orange as indicator, when dihydrogen potassium phos- 
phate has been formed — % e , only one-third of the phos- 
phoric add present is shown On now addmg phenol- 
phthalem the titration can be contmued until dipotassium 
hydrogen phoi^hate is formed, accounting for another 
third of fhe phosphoric acid 

Biehardson and Bowen's Method. — ^Based upon these 
condderations, Richardson and Bowen (2oc ) have 
devised the following process, which estimates, not only 

1878, m, 268 

Sw, Ohm. Ind , 1906, sxv , 836 
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the sulphunc acid piesent as such, but also the phosphone 
acid hberated from the phosphates by the sulphunc acid. 
Although part of the phosphone acid is present as calcuun 
phosphate, no material error is mtroduced by basmg the 
calculation upon potassium phosphate 
Twenty-five c c of the vmegai are evaporated to 
dryness with 25 cc of sodium hydroxide solution, 
and the residue chaired at a temperature insufficient to 
fuse the ash The black mass is cooled, treated with 
hydrogen peroxide (to prevent hbeiation of hydiogen 
sulphide), and boiled with 50 c c of sulphunc acid 
The filtrate and washings aie titrated with — sodium 
hydroxide solution with methyl-orange or lacmoid (pre- 
ferably the latter) as mdicator The hquid is then boiled 
with a few drops of sulphunc amd to expel carbon 
dioxide, the acid neutralised with 4- alkali solution, and 
the titration with sodium hydroxide solution com- 
pleted after the addition of phenolphthalein 
To account for the remaining third of unneutralised 
phoEqihoric acid twice the number of cc of standard 
alkah used m the final titration are taken for the calcu- 
lation. 

Hie results obtained by this method, and by Hehner’s 
method with vinegars containing known quantities of 
added sulphunc amd were as given in table on p 148 
The diff^nee between the two sets of lesults was 
attributed to the infiuence of the caibon dioxide on the 
methyl-orange, which caused the results to be too high. 

By this method of Bichardson and Bowen the amomih 
of sulphunc amd ongmally added is shown, whereas 
Hehner’s method gives that actually presmit m the 
vin^ar at the time of analysis. 
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j 

( 

1 

i SulpliTinc Acid 
’ Added 

1 

1 

1 th llethyl Orange 

■ 

M ith Lacmoid 

Hehner's 

Method 

nichaxdson 
and Bowen's 
Method 

Hehnei s 
Method 

Bichardson 
and Bowens 
Method 

1 

' Per cent 

A, 0 098, 

B, 0 049, 

C, ml. 

Per cent 
+ 0 033 
-0 033 
-0080 

Pel cent 
+ 0 099 
+ 0 064 
+ 0 023 

Percent 
+ 0 0216 
-0046 
-0 098 

Percent 
+ 0 099 
+ 0045 
+ 0 004 


Combined Sulphuric Acid — The proportion of sulphuno 
acid in the form of sulphates in vinegar vanes consider- 
ably, as mil be seen from the following analyses, made 
by the wnter, of the vmegars of six of the leadmg manu- 
facturers — 

A, 0 03 per cent D, 0 166 per cent 

B, 0 10 „ E, 0 170 

C, 0-032 „ E, 0 021 

The vmegars B, D, and E were made by the mversion 

process, while the other three weie mash-tun products 
An attempt was made some years ago to condemn 
vmegars contammg moie than 0 03 per cent of combmed 
sulphuno amd, and several prosecutions were mitiated * 
Although the amount of combmed sulphuno aoid 
afiEords evidence that the vmegar was made by mversion 
of starch with sulphuno acid, it is not an infalhble proof, 
for an amount of sulphate in excess of 0 03 per cent, 
might be also due to the use of a very hard water, or to 
sulphurmg the casks, or washing them with a soluble 

*Dr Edmunds, Fablic Anal;^ ior St James', 'wnting m the BrtUe/i 
Food Jceum (1900, p 21), stated that he regarded all Yinegars contaxnuig 
more than. 0 01 to 0 03 per cent of solphates as adulterated 
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sulphite which had subbequently become oxidised to 
sulphate. 


OTHER CONSTITUEXTS 

Detection of Methyl-AcetoL — ^It has been shown by 
Pastureau* that certam vinegars contain methyl-acetol, 
CH3 CO CHOH CHg, probably deiived horn wood 
acid It may be isolated by neutralising 100 e c of the 
sample with sodium hydioxide, and distilhng the hqmd 
to dryness 

If methyl-acetol is piesent, the distillate ^t 11 reduce 
cold Fehhngs solution, and when tieated with lodme 
will give a precipitate of lodofoim When treated with 
phenyl-hydrazme acetate it will yield an osazone melting 
at 243° C , and giving a led coloration when dissolved 
m ether-alcohol and tested with feme chlonde, and red 
crystals on evapoiating the hqmd 

A quantitative estimation may be made by treating 
an aliquot part of the distillate with a few diops of sodium 
hydroxide solution and ammonia, and adding 10 c c. of 
i silver mtrate solution The hqmd is allowed to stand 
for 24 hours, diluted to 100 c 0 , and filtered, and the 
excess of silver titrated by the cyamde method 

From the amount of reduced silvei the quantity of 
methyl-acetol is calculated by means of the equation — 

3(CH,CO.CHOH CH3)-hAgNOj 

= 3CH8C0 COCH, + 3H3O -i- Ag 

One sample of vmegar thus exammed contained 0 32 per 
cent of methyl-acetol Or Klmg’s method f of estimation 

* Journ Pham Chm., 1905, £6], xxi, 503. 
t JBk2Z 8oe Ghm , 1906, xx7 , 315. 
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With alkabne copper solution may be used, each giamme 
of methyl-acetol yieldmg 2 85 grammes of cuprous 
oxide 

Estimation of Formic Acid. — ^Fmcke * has devised the 
following method of estimatmg formic acid m vmegar — 
JFive c c of the sample are heated for two hours on the 
water bath beneath a reflux condenser with 5 grms of 
sodium acetate, 40 c c of a 5 per cent meicunc chloride 
solution and 30 c c. of water, the bquid m the flask being 
completely immersed m the boiling water The lesulting 
precipitate of calomel is collected m a Gooch s cruable, 
washed with water, alcohol and ethei, and diied and 
weighed The weight multiphed by the factoi 0 0977 
gives the amount of formic acid 
The method affords an mdication of the presence of 
added acetic acid m some vmegars, smce commercial 
acetic acid almost mvanably contains foimic acid as an 
impunty. It k essential, however, that no caramelised 
sugar should be piesent, foi sugar yields appreciable 
quantities of formic acid when heated to 160° C, at 
which temperature caramehsation begms 
Hence, as caramel is umversally employed for colouimg 
fermentation vmegaas m this country, no rehance can 
be placed upon the results of the formic acid test if apphed 
to ccflouQced vmegars 

Moreover, although formic acid does not appear to be 
produced in the manufacture of spirit vmegar, it is 
found as a normal constituent m wme vinegars, f ari/i 
probably also m other kmds of vmegar to which no 
caramel has been added 

*J 8oc Ohm ind , 1911, xxx , 82, 235, 916 
^Analffst, 1911, zxzn, 496 
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Determinaton of Total Nitrogen.— -The nitrogenous 
substances m malt aie readily transformed mto am- 
momum sulphate by Kjeldahls process, and a clear 
solution may be obtamed m about an hour by addmg 
a little potassium bisulphate to the sulphuric acid The 
addition of mercury accelerates the process, but, as a 
rule, is not necessary From 10 to 25 e c of the vmegar 
aie used for the deteimmation 
Nature of Nitrogenous Substances. — Only a small pro- 
portion of the mtiogen m vinegai appeals to be m the 
form of ammomum salts oi albumoses precipitable by 
ammomum or zmc sulphate*! In one expeiiment m 
which 1 000 c c of vinegai brewed horn barley malt 
were concentiated to 100 e c , and aliquot portions used 
for the different estimations, the following results were 
obtamed by the wnter — 

Peroeat 

Total mtrogen 0 1204 

Nitn^en m precipitate given by' 
ammomum sulphate (after evapo- (1) 0 0127 
ration with water and banum " (2) 0 0157 
carbonate), , 

Nitrogen in zinc sulphate precipitate, 0 0148 
Ammomacal mtrogen, 0 015 


Smiilar results were obtamed with a sample of com- 


mercial malt vmegar — 

Percent 

Total mtrogen, 

0 089 

Nitrogen precipitated by 

ammomum 

sulphate, 

0*008 

Ammomacal mtrogen. 

0*007 
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Determination of Phosphoric Acid. — Of the many 
processes devised for determining small quantities of 
pho^hono acid one of the most simple and accurate 
for the analysis of vmegar is the modification of the 
molybdate method devised by Hehner 
The ash fiom 10 c o of the sample is dissolved m the 
smallest possible quantity of dilute mtiio acid, and 
treated with a large excess of an ammomum molybdate 
solution The basm is allowed to stand for 12 hours 
at the ordinary temperature, or for two hours on 
the top of a hot-water oven, after which the yellow 
precipitate is washed twice by decantation with cold 
water It is then dissolved m ammoma solution, the 
hqmd evaporated, and the residue dried on the water 
bath The weight divided by the factor 28 5 gives the 
amount of phosphoric acid (P2O5) 

The molybdate leagent may be prepared by dissolving 
60 grms of molybdic acid m a mixture of 50 co of 
ammoma solution and 160 cc of water When cold, 
the solution is cautiously added to a cold mixture of 
280 c c. of mtiic acid and 470 0 c of water, and the 
leagent is filtered after standmg for some hours 
As a rule, the amount of phosphoric acid m a vinegar 
brewed from malted or unmalted barley will exceed 
0*05 per eeat , but the amount may be mcreased by the 
use of yeast foods to aid the fermentation, or may be 
reduced by clanfioation processes m which the wort is 
fined by the addition of soluble calcium salts 
Reducing Sugars.— The following method of estimating 
the reducing sugars m cider vmegar is recommended 
by Leach and Lythgoe* —Two portions (26 co each) 

* 7 Anur (Hum 8m, 1904, xm , 375 



METHODS OF EXAMINATION 


153 


aie taken One is diluted Ttith 20 c c of water and heated 
with 5 c c of hydrochloiic acid for ten minutes, and then 
cooled Both poitions are neutiahsed with sodium 
hydroxide and made up to 100 c c , and tested with 
Fehhngb solution The amount of reducmg sugars 
ought to be the ‘^ame before and aftei mversion, any 
increase denotmg the piesence of cane sugar 
The ratio between the weights of total sohds and 
dextrose affoids a means of deteetmg glucose vmegars 
m wme vinegars (see p 187) 

Detection of Inositol in Wine Vinegar. — has been 
shown by Medlere* that mositol is a constituent of all 
wmes, and smee this sugar is not decomposed during 
acetic fermentation, its separation and identification 
afiords a means of distingmshing between wme vmegar 
and spirit vmegar 

The foUowmg method of applying the test was devised 
by Meury f — One hundred c e of the vmegar are evapo- 
rated nearly to dryness, and the residue taken up with 
50 c c of water, neutralised with sodium hydroxide, and 
ground up with 3 gims of banum hydroxide The pre- 
cipitate is separated, with the aid of centrifugal force, 
and washed with 20 to 30 c c. of baiyta water, and the 
filtrate and washmgs freed horn banum by means of a 
current of carbon dioxide, after which 10 c c of dilute 
lead acetate solution are added, and the new precipitate 
separated as before The filtrate is concentrated to 
100 e 0., and trKited with 10 c c of the oflScial basic lead 
acetate solution (lead acetate, 300 grms , lead oxide, 
100 grms. , water, 700 c c , shaken and filtered), and 

*Joum Fharm Chm , 190S, [6], sxviu., 289. 
tJdid,1910,[71iL, 264. 
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2 grms of neutial cadmium acetate in solution The 
precipitate containing the mositol is washed, and. decom- 
posed with hydrogen sulphide, and filtrate from the 
cadmium sulphide is concentrated to a syrup, and tieated 
with 20 c e of absolute alcohol and 6 c c of anhydious 
ethei, and allowed to stand for 24 hours The ciystals 
of mositol which form m the case of a wine vmegar are 
separated and identified 

Teste of identity have been based upon the oxidation 
of the sugar mto a qumomc compound, rhodizomc acid, 
some of the salts of which are of a blight red colour 

Seidel dissolves a httle of the precipitate m watei, and 
treats the solution with a drop of Millon’s leagmit * The 
hqmd is evaporated to dryness, the residue dried at 
110° to 120° C , and treated with 3 c c of glacial acetic 
acid, and one drop of a 10 pei cent solution of strontium 
acetate, and the solution evaporated on the water bath 
A bright led coloiation and deposit are obtamed 

Another pioof of identity is to evaporate the lesidue 
with Gallois' meicuiic reagent, which is prepared by 
dissolving 1 gim of yellow mercury oxide m a mixture 
of 1 c c of mtnc acid and 10 c c of water, and diluting 
the solution to 20 o c The lesultmg mercury rhodizonate 
IS a bnliiant red salt 

Detection of Malic Acid. — Older vmegar should 
always contam mahc acid, and the following tests for 
its detection are recommended by Leach and Lythgoe f 
— ^The vmegar should give a precipitate with lead acetate, 

* One part of merouiy w diasolved in 2 parts of nitno acid (40® B ), and 
the solnhon diluted with an equal Tolume of water, and after 24 horns 
decanted from the oiystaUine deposit 
t J Amer Ohm Sot, 1904, xm, 375 
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bub-siding rapidly The presence of malic acid is then 
confirmed by treatmg 5 c c of the vmegar with 1 c c of 
10 per cent calcium chJonde solution filtermg, and adding 
3 volumes of 95 per cent alcohol to the filtrate A floo- 
culent precipitate utU be obtained if mafic acid be present 

The addition of the alcohol will also piecipitate dextrm, 
but this may be detected by a dextio-iotatory reading 
in the polaiimetiic test 

A precipitate should also be obtamed with calcium 
sulphate aftei drymg the calcium chloiide piecipitate, 
dissolvmg it m nitiic acid, and evaporatmg the solution 
on the water bath to convert the calcium malate into 
calcium oxalate, which is then decomposed by boiling 
with sodium eaibonate The filtiate from the calcium 
carbonate is then acidified with acetic acid, and tested 
with calcium sulphate solution 

Tartaric Acid. — ^Xf the total solids left on evaporation 
of wme vmegar be treated with absolute alcohol, a 
granular residue of hydrogen potassium tartrate will be 
left undissolved The nature of this dqiosit may be 
confirmed by dissolving it m the smallest possible quantity 
of hot water, and stmmg the solution m a watch-glass 
by means of a glass rod The cream of tartar will then 
be re-deposited m streaks following the fines of the rod 

The following confirmatory test of identification, 
devised by Demgfes, may also be applied — ^The crystals 
are added to a reagent consistmg of 3 c c of sulphuric 
acid and 3 drops of a solution of resorcmol (2 gnus in 
100 c c of water acidulated with 5 c c of sulphuric acid), 
and the mixture heated to 130® to 140® C In the juesence 
of tartanc acid an mtense carmme-ied coloration is 
produced. 
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For the estimation of the potassium bitaitrate 25 c c 
of the vmegar are evaporated to a syrup This is dissolved 
in 25 c c of water, and the solution mixed with 100 c c 
of alcohol-ether (1 1), and allowed to stand for 24 hours 
m a cool place The lesulting piecipitate is washed with 
alcohol-ethei, and dissolved in hot watei, and the solu- 
tion titiated with — alkali Each c c required corre- 
sponds to 0 0188 gim of potassium bitaitrate 
Gitrie Acid. — ^This may be detected by the test devised 
by Demg^s for wines — ^Ten co of the vinegar are 
diaken with 1 grm of lead peioxide and 2 c c of mercunc 
sulphate solution, and filtered About 5 cc of the 
filtrate are boiled and treated with a drop of a 1 per cent 
solution of potassium permanganate solution, after 
deeolorisation an additional 10 drops are added, one by 
one Normal wme vmegars yield a shght turbidity m 
this case, while those contammg 0 10 grm or moie of 
citric acid per htie give a pronounced turbidity 
Oxalic Acid. — ^The following method is recommended by 
Calvet * — ^Fifty c c of the vmegar are neutralised, and 
the oxahc acid precipitated as calcium oxalate by means 
of calaum acetate The precipitate is washed and 
oxidised with a standardised sulphuric acid solution of 
potassium permanganate , or it is sulphated, dried, and 
weighed as calcium sulphate The weight multiplied by 
the factor 18 65 gives the amount of oxalic acid per htre 
of vm^ar. 

colouring matters 

The recommendation, of the Local Government Board, 
to the effect that the only colouring matter which it 

* Aloool Vina^rea, 1912, p 136 
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should be permissible to add to vinegar should be caramel 
is almost umversally accepted in this country 

Vinegar brewed from malt or malt and cereals is of 
too pale a colour to be generally acceptable, except m 
Scotland and it is, therefore, essential to add some 
colourmg matter to meet the popular taste Although 
amlme dyestuffs may possibly be used for this purpose, 
caramel has long been regarded as the most suitable 
colouring matter from every pomt of view 

Measurement of Colour Intensity. — Owmg to the great 
variations m the tmctonal power of different vaneties of 
caramel, it is not easy to fix upon a standard substance 
upon which to base subsequent measurements Even if 
a standard solution is made up from a particular sample 
of caramel and kept for comparison with subsequent 
samples, gradual fading takes place, especially if the 
bottle IS exposed to the light. Some slight decomposi- 
tion and deposition of the pigment is also mevitable in 
the course of time 

An iron compound which, when dissolved, would give 
the required shade of colour might possibly be used for 
the purpose, but this would involve the use of an absol- 
utdy pure salt, which would have to be weighed out 
and dissolved before each comparison, smce it would 
not be stable in solution 

lodme solutions of standard strength weie adopted by 
the Berlm Congress of 1903 for measuimg the colour of 
malt products, but they are only smtable for hght-coloured 
worts, smce the tmt of iodme is considerably redder than 
that of strong malt worts 

To obviate this drawback Brand and Jais* suggested 
* Zeit ges Brmw , 1906 , tux , ^7 
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the use of aniline dyestuffs to obtain a standard eoire- 
sponding in intensity of shade to ^ iodine, and equivalent 
m colour tone to the colouring matter of malt or caramel 
at all concentiations 

This system has the same drawbacks as the use of an 
non salt, especially the detenoiation of the tmctonal 
value of the standard solutions on keepmg 

Hence, the mvention of Lovibond’s tmtometer has 
been of material service to all who have to match and 
keep a record of colours, and the apparatus is now ex- 
tensively used in many mdustnes 

Lovibcnd's Tintometer. — The use of this instiument 
IS based upon a comparison of the coloured substance 
with a senes of standard coloured glasses, which can be 
blended m such a way as to give the same colour 
sensation 

For the purposes of brewers and vmegar makers a 
special senes of these glassy approximatmg to the colour 
of solutions of malt extract or caramel is provided, the 
liqmd being placed in a glass cell 1 mch or | mch m width, 
while the numbered glasses are placed m a small holder, 
and viewed simultaneously through the instrument m a 
good light 

It has been shown by Baker and Hulton * that agree- 
ment between the results obtained by diffeient observers 
di^iends on various conditions, such as the relation of 
the instrument to the source of hght, and from the results 
of their experiments they make the following recom- 
mendations — (1) The tmtometer should be used m a 
horizontal position directed to a north wmdow covered 
with white tissue paper , (2) it should not be more than 
*Jotam. Inst Bresmag, 1907, xiu , 26 
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2 to 3 feet fiom the •window . and (3) the opal scieen 
of the instnunent bhould be discarded 

In the ■writer's espenenee it is possible to match the 
colours of most vinegars by means of the ‘ 52 ” senes 
of glasses, although m some eases a glass of the “ 50 ” 
senes may be reqmied. 

When exammed m a 1-mch cell the pale vinegars of 
commeice range horn about 5 to 10 m the “ 52 ” senes, 
medium-coloured vmegais from 15 to 20, and dark 
vinegars from 30 to 40 

In the case of the darkest pioduets it is advisable to 
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dilute the hqmd with an equal volume of water, sinoe 
the results of two observers will agree better under such 
conditions than when a very dark hquid is exammed 
without ddution. 

DETEmON OF CARA3IEL 

The Fuller's Earth Test.— It is frequently possibk to 
precipitate the whole of the added caramel by treating 
the 'Vinegar with a little fuller’s earth that has been 
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proved to be active in this respect For example, wood 
vinegar may usually be completely decolorised m this 
way 

But when applied to vinegars which owe part of them 
colour to products formed m the drying of the malt or 
gram too much reliance must not be placed upon this 
test 

Thus, it has been shown by Dubois * that the amount 
of colour removed from a cider vmegar may vary from 
nothing to 72 per cent , and that the proportion will 
differ with different kmds of earth Hence, a sample of 
vinegar which gave no deposit when treated with one 
earth, would be regarded as contauung added caramel 
when treated with another earth Hor are the results 
given by the same earth unifonn Thus, m Dubois’ 
experiments, an earth which lemoved no colour from one 
pure vmegar removed the larger proportion from another 
pure sample. 

At best, ^he test must be regarded as a preliminary one. 
If all colour is removed, caramel is undoubtedly pr^ent, 
while if httle or no colour is removed the sample may be 
regarded as free from caramel But m the case of most 
vm^am, from which about 26 to 76 per cent of colour 
is removed, the test is mconclusive 

liohthardtf uses a method of precipitation with 
tannin as a test for caramel m vmegar, flavouring extracts, 
etc. Five c.c of a solution of 1 grm of gallotanmc acid 
and 0 76 grm. of sulphuric acid (sp gr. 1 84) m 60 c c 
of water are added to the vinegar, and the mixture heated 
until tile precipitate that flrst forms is dissolved The 

*J Amer Ckm 8oe., 1907, xnx, 76 
t /. Ind Ertg Ohm , 1910, u , 389 



3IETH0DS OP EXAMISTATIOir 


161 


liqmd is then allowed to stand for 12 houib, and in the 
presence of caramel a light or dark brown deposit will 
be preuent. 

The objection to this test is that albummous substances 
and iron compounds also react with tannin, so that the 
formation of a piecipitate is not a conclusive indication 
of caramel 

The method officially used m France for wme vmegar is 
to shake 50 to 100 cc of the sample with 50 cc of 
ether, to allow the colouiless etheieal layer to evaporate 
spontaneously, and to test the residue with 2 to 3 drops 
of freshly prepared 1 per cent solution of resorcmol in 
hydrochloric acid In the presence of caramel a rose 
coloration will be obtamed (Fiehe's reaction) 

If the ethereal layer is coloured, it should be washed 
with water rendered slightly ammoniacal, and evaporated 
Or, if necessary, the residue may be taken up with 26 c.o 
of water, and the solution boiled with a httle ^-albumin 
(white of egg), the colourmg matter being removed by 
the coagulated albumm 

It has been shown by Anderson* that pure cider 
vm^ars contain furfural, and that Fiehe’s reaction is, 
ther^ore, not necessarily an mdication of the presence 
of caramel m such vinegars 

Amthorf bases a method of detecting caramel upon 
its precipitation with paraldehyde Ten cc of the 
vtnqgar are mixed with 30 c c of paraldehyde and suffi- 
cient absolute alcohol to obtam a clear solution, and the 
mixture left for 24 hours in a closed flask. 

The precq>itate is washed with absolute alcohol and 
dissolved m watar, and the solution evaporated to 1 o.c., 

* , 1914, -n., 214. anal. 0!feem,xxiT,90 

11 
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and heated for 30 minutes at 100*’ C with a small quantity 
of an acetic acid solution of phenyl-hydrazme. If the 
premptate consisted of cax amel an amorphous compound 
(probably composed of phenyl-hydrazones and osazones) 
IS obtained. 

Various colonmetnc methods of estimatmg caramel 
have been suggested (eg , by Smith, Amer J. Pharm , 
1911, bcmu., 411), but smce commercial samples vary 
widely m their chemical composition, according to the 
different methods of manufacture m use, none of these 
can lay daim to much accuracy 
In practice caramel is bought upon the basis of its 
colouring capamty^ without reference to the chemicsd 
compounds to which its colour is due 
The method recommended by a Committee of the 
Institute of Brewing* is essentially the same as that 
used by the present writer for many years . — ^Ten grms. 
of the sample are dissolved m 100 c c of water at 15*5° C., 
and the solution diluted to a htre, and compared in a 1-moh 
cell with glass of " 52 ” senes m Lovibond’s tmtometer 
Coloured Wme Vinegars. — The coloration of wme 
vinegars with cochmeal or archil is allowed by the French 
law The official methods used m France in the detec- 
tion d thero coLouring matters are as follows * — 
GoehineaL— Twenfy-five c c. of the vm^ar are shahen 
for five minutes with 20 o o. of ether, and the ethereal 
extract treated with a few drops of ammonia solution. 
Li the presence of cochineal a canmne red coloration is 
obtamed 

As a confirmatoiy test 4 o.c. of the vmegar are neutral- 
ised and treated with 1 c c of a 1 per cent, solutdcm of 
• Jouffl. Inat Brewmg, 1910, rvi , 529. 
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ammoniaiu alum followed by 1 c c. of a 10 per cent sodium 
carbonate solution The resulting lake will be bluish- 
violet, and the filtrate violet, if the colouring matter was 
cochineal 

Ai<M. — ^Twenty-five cc of the vinegar are made 
slightly aJkahne with ammonia, and shaken with 10 c.c 
of amyl alcohol, a violet coloration bemg obtained in the 
presence of archil. The extract is evaporated, and the 
residue treated with one drop of sulphunc acid, which 
gives a coloration changing to bluish-violet on addition 
of ammonia 


METALLIC mPUEITIES 

Vin^u: IS very hable to become contaminated with 
metallic impurities, such as iron and copper, derived from 
hoops upon the vats, brass taps, and the like, with which 
it may oome into contact. 

Iron. — The presence of traces of iron is mainly of 
importance from the fact that whmi the vin^gmr comes 
m contact with the wood m a new barrd a black iron 
tannate will be formed, which will cause the vinegar to 
become dark and unsaleable 

The pretence of iron may be detected by adding 
pota^um ferrooyaznde direcUy to the vinegar, and it 
may be estimated eolonmetncaJly in the ash by means 
of the same reaction 

Copper, Lead, and Tin.— Eor the detection of these 
metals 100 c.c of the vm^ar are boded with 10 o.o. of 
hydrochloric add, and potassium chlorate introduced in 
small quantities at a time xmtd a colourless solution is 
obtained. This is treated with sodium acetate to remove 
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the hydrochloiic acid and a cuiient of hydrogen sul- 
phides passed thiough the hquid 
Copper may be estimated electrolyticaUy m the vinegar 
itself A fev drops of nitric acid aie added to 100 c o 
of the sample, which is then electrolysed for 30 nunutes 
with a current of 2 vols and 1 amp pei square decimetre. 
The coppei is deposited on the electrodes m the usual 
way 

In testing for lead the ash from the vmegar is moistened 
with acetic acid and treated with an excess of dilute 
ammonia solution, and the hqmd boiled and filtered. 
This treatment is repeated several times to effect complete 
extraction, and the filtrates are umted, and made up to 
a defimte volume In the presence of copper a blown 
coloration will be obtained on the addition of potassium 
ferrocyanide to a small part of the hquid 
If no copper k found, the solution is rendered acid 
with hydrochloric acid, and tested for lead with a solution 
of hydrogen sulphide 

When copper is present an addition of a small quantity 
of potassium cyanide should be made before appl ying 
the test for lead The ferrooyajude test for copper and 
the hydrogen sulphide test for lead may be used for the 
oolonmetnc estimation of traces of those metals, the tmt 
produced being matched with standard solutions of lead 
and copper salts 

Tin. — ^The ash of the vmegar is fused with sodium 
hydroxide, and the mass extracted with boilmg water 
contaimng a httle hydrochloric acid The filtered extract 
is tested with hydrogen sulphide, which m the presence 
of tm gives a yellow coloration or precipitate 
Arsenic. — ^The discovery, m 1900, that several cases of 
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peiipheral neuiitis had been caused by dnnkmg 
beer containing arsenic drew general attention to the 
po&sibihty of the occurrence of dangerous amounts of 
ar&emc m other food products 

The Royal Commission appomted m 1901 to investigate 
the subject found that the glucose used in the preparation 
of these arsemcal beers contamed quantities of aisenic 
rangmg from 0 015 to 0 131 per cent , and that m the 
case of one sample of beer the amount of aisemc reached 
3 grains per gallon 

The ongmal source of this aisemc was discovered m 
the sulphuric acid used m the prepaiation of the brewing 
sugar, some of the samples of acid containing as much 
as 2 5 per cent, of arsemc (as arsemous acid). 

Arsemc was also detected m other beers brewed from 
malt, the poison being ultimately traced to the fuel used 
for the Mins. 

Since vinegars are brewed upon similar hnes to beer, it 
is not surpnsmg that traces of arsemc were found m many 
samples, and that seiious, if not dangerous, quantities 
were present in vmegars made by the conversion process, 
where impure sulphuric amd had been employed. 

Another possible source of arsemc in vmegar is the 
caramel, which is almost umversally employed as a 
colouring material. This is often prepared from ^ucose, 
and the use of impure acid in the hydrolysis of the starch 
has been known to cause arsemc to be present m the 
caramd. 

After the publication of the report of the Royal Oom- 
mission m 1903 pr^utions were taken by the maltst^ 
and the manufacturers of brewing sugars to prevent 
recurrence of the trouble, and, as a rule, the malt now 
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upon the market seldom contains over gram of arsemc 
per pound 

In 1901 a Conjomt Committee of the Society of Chemical 
Industry and of the Society of Pubhc Analysts was 
appomted to examine and report upon the various methods 
of detecting and estimatmg arsemc^ and m the foUowmg 
year issued the subjomed report * which, if exactly fol- 
lowed, will give accurate results under all conditions — f 

MATERIALS BEQUIREI>--HfdroeIilorie Aeid— The purest hydro- 
chloiic aoid obtamable is very rarely free from arsemc To the ‘ pure ' 
wssd, as puiohased for analysis, diluted with distilled water to a specific 
gravity of 1 10, sufficieut bromme is added to colour it strongly yellow 
(about 5 c c per litre), sulphurous acid, either gaseous or in aqueous solution, 
18 hheu added m excess, and the zmxture is allowed to stand for at least 
iwdlve hours, or hydiobromic and sulphurous acid may be used The 
acid IS then boiled tiU about one fifth has evaporated, and the residue 
can either be used directly or may be distilled, the whole of the arsenic 
having volatilised with the first portion 
^^EoIphutiC Acid— This is more frequently obtainable arsemc-free than 
hydroohloxic acid If not procurable, to about half a litre of sulpbuno 
acid * pure for analysis,' a tew grammes of sodium chloride ore added, and 
the mixture distilled from a non-tubulated glass retort, the first portion of 
about 50 c c being rejected For the purpose of the test to be descnbed, 
one volume of the distilled acid is diluted with four volumes of water. 

“ Nitno acid can, as a rule, be obtained free from arsemc without much 
difficulty the pure redistilled amd should be used This should be tested 
by evaporating 20 o c m a porcelain dish, which should then be washed 
oat with dilute acid, and tested as descnbed m this report 
“ The purified acids should be prepared as required, and should not be 
stored for any length of time If this is unavoidable, however, Jena fiai^ 
are to be preferred, smce most bottle glass is hable to communicate traces 
of arsenic 

Zine.— Arsemc free zmc is obtainable from chemical dealers It should 
be regranulated by meltii^ it and pourmg it from some height mto cold 
water 


* The report is condensed here , the direotions for testing beer are 
apphcable to vinegar -f Analyst, 1902, xxvil, 48 
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“ Ume —Caustic lime, even when made srom white marble, is not always 
free from arsenic* A selection must, therefore, be made from yanons 
samples If pore Ime is not obtainable, magnesia may equally wdl be 
used, and can be more readily obtamed of sufficient parity. 

“ Caleinm CSiiorffie.— llus salt often contains arsenic, and before being 
used as a dxymg agent must be freed &om the yolatihsable part of tjie 
impwily by moistenmg it with strong hydrochlonc acid, fusing and re* 
granulating 

i^paiatus.— A bottle or flask holding about 200 c a (for frothing 
materials preferably wider at top than bottom) is fitted with a double- 



Fig. 53 — Arseojo Apparatus 

bored cork, india-rubber stopper, or with a groond-m glass connection, 
carrying a topped foimel (holdiiig about 50 c c ), and an exit tube The 
Jatteo: is oonnected with a dxymg tube containmg, first, a roll of blottmg 
paper soaked m lead acetate solution, and dned, or a layer of cotton wool 
prepared xn a similar way, then a wad of cotton wool, then a layer of graxm- 
lated ealcmm cUonde, and finally a thick wad of cotton wool To ttb 
tube 18 fitted a hard-glass tube drawn out as shown xn the figure^ and of 
such external diameter that at the place where the arsenic minor » to be 
expected the tube just passes through a No 13 Bammgjhsm wire gangs 
{corresponding with 0^2 inch). The exact stse is not mateoal, but aD 
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tubes used for standards and tests should be as nearly as practicable of the 
same diameter A good Bunsen flame is used to heat the hard-glass tube 
close to the constnction About 1 mch ot tube, meludmg the shoulder, 
ought to be red hot A piece of moderately fine copper gauze (about 1 inch 
square) capped round the portion of tube to be heated assists in insuring 
equal distribution of heat A suitable fonn of apparatus is shown in the 
accompanying figure 

About 20 grammes of zano are placed m the bottle and washed with 
water to clean the surface, as particles of dust may contain aisenic , all 
parts of the apparatus are connected, and a sufflcient quantity of acid 
(prepared as previously descnbed) allowed to flow from the funnel, so as 
to cause a fairly brisk evolution of hydrogen When the hydrogen flame, 
which duimg the bpatmg of the tube should be kept at as uniform a height 
as posable (about a quarter of an mch), bums with a round, not pointed, 
tip, all air has been removed from the apparatus The Bunsen burner 
i^ould then he placed under the hard glass tube as descnbed, and more 
amd (10 to 20 c c are generally enough) run in as required With good 
matenals no trace of a minor is obtained withm haU an-hour 
“ Great care must be taken that when additions of acid are made to the 
zmo no bubble of air is mtroduced, smce m presence of air the arsenic mirror 
may become black and unevenly distributed, whilst it is brown when the 
experiment has been properly conducted 
“ Should the blank experiment not be satisfactory, it must be ascertained 
by changing the matenals methodically whether the fault hes with the 
acid, 2 anc, other matenals, or with the apparatus 
“Preparation of Standard Mirrors*— When a satisfactory blank expen- 
ment has been obtamed a senes of standard mirrors must be prepared 
under the followmg conditions —A hydrochlono acid solution of arsemona 
oxide containing m each c c 0 001 milhgiamme Afl 40 e is prepared by diluting 
a stronger solution with distilled water Two c c of this solution (equal 
to 0*002 Tmlligramme of arsemous oxide) are mtroduced mto the apparatus, 
a new tube having been joined to the drymg tube If the me is sensitive 
a distanct brown minor is obtained after twenty minutes It is important 
to note that some ‘ pure * zme is from a cause at present unknown * not 
suflSciently sensitLve---4hat is to say, the addition of mmute quantities of 
arsemc produces no mirrors The portion of tube contammg the mirror 
should be sealed off while still filled with hydrogen , m contact with air 
the mirrors gradually fade Mirrors are now sumlarly made with 0 004, 

0 006, 0 008, and 0 01 milligramme of arsemous oxide With a littie 


* Chapman and Law, Analyst, 1906, 3 
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patience it is eas;^ to obtain the deposits of araemc neatly and equally 
distnbuted The standard mirrors, properly marked, are mounted on a 
'^hite card or porcelam shp It is to be understood that the first stage of 
every test must be a blank of at least twenty minutes 

Organic materials, such as yeast, beer, etc , cannot be tested when 
sulphuric acid is used, without destruction of organic matter, whilst as a 
rule th^ can he directly tested with hydiochlonc acid 

Proeedure vzttumt Destrucfion of O^ianic Hatter. — ^The apparatus is 
started, and a blank experiment allowed to go on for 20 mmutes If 
no trace of deposit is obtamed 10 c c of the liquid to be tested and about 
10 c 0 of hydiochlonc acid are put mto the funnel and slowly mtroduced 
mto the bottle without air-bubbles Some matenals (beers, for example) 
are apt to froth , hence the necessity for slow mtroduction If after about 
10 mmntes no mirror appears, another 10 c.c of the hquid, with 10 c c 
of hydiochlonc acid, are added, and the experiment contmued for 15 to 
20 mmutes, acid bemg added from time to time as may appear 
necessary 

** MUl— Fifty grammes of the malt axe placed m a 300 cc separator 
funnel with a stopcock , 50 c c of hydiochlonc acad, prepared as described, 
and 50 c 0 of water are warmed to about 50^ C and poured on the malt 
The whole is then allowed to digest for 15 to 20 mmutes with frequent 
agitation, and the amd then allowed to nm ofi by the stopcock About 
60 0 c of the acid hquor is thus obtained, of which 20 c c contains the 
arsenic from 10 grammes of malt 

Sug^x and other brewing matenals are dissolved m water, 10 c c of 
acid added, and the solntiaa tested direct, operating upon 10 to 20 grammes 
of matenal 

” Destrucfion of Organic Hatter— (<*) Jlfct&af — Ten grammes of the 

substance are placed m a S^-moh porcelam crucible, and covered with pure 
distilled mine acid (about 10 to 15 c c } The whole is then heated on a 
sand bath until the evolution of brown fumes ceases Three c c of con- 
oentrated arsenic-free sulphuno acid are then added, and the heating 
contmued until the mass just begins to char, when a further quantity of 
5 c c of mine amd is added The heatmg is now contmued until all acid 
IS expelled, leavmg m the crucible a black, nearly dry, charred mass The 
cmcible is about half filled with water, and a few c c of hydiochlonc acid 
or dilute solphunc acid ran m (according as the one or the other is to be 
used m the Marsh apparatus), the whole bemg allowed to extract for about 
half-an-hour on a water-bath It is then filtered mto a porcelam basm, 
the chaned mass washed with hot water, and the filtrate oonoentrated 
down to about 30 c c , which is allowed to cool, and is then ready for the 
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test. It IS essential that the mass should be thoroughly charred, and that 
the solution when filtered should be colourless. 

“ In the case of beer, 10 to 20 c c are evaporated to dryness, and the 
residue oxidised as above stated. 

“ (5) Basic Method —The materials are mixed with pure lime or magnesia 
(1 gramme for 20 c c of beer), dried, and mcmerated Por sugars or other 
sohd matenals about half their weight of base is employed The ash is 
dissolved m hydrochloric acid and the solution tested 

“ The proof that the mirrors are arsemcal is obtamed as follows —The 
narrow portion of the tube contammg the mirror (which should not be 
denser than that produced by 0 01 milhgramme of arsenious oxide) is cut 
off, the hydrogen replaced by air, and the ends sealed up The tube, held 
in the tongs, is then heated by drawmg it repeatedly through the flame 
of a Bunsen lamp until the nurror has disappeared On coohng, mmute 
crystals of arsenious oxide deposit, the sparklmg of which can be seen 
by the naked eye if the tube be held before a lummous flame, and which 
can be readily identified under the microscope by their crystalhne form 
This test, as recommended, is one of such extreme dehcacv that with 
quantities of 20 grammes (or 20 c c ) it will give an mdication of the presence 
of 0 000015 per cent (or 1 part m 7,000,000) of arsenious oxide 
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CHAPTER X. 

CHABACTERimCS OF DIFFERENT VINEGARS. 

lateipieiation of ResultB— Chemical Standasds — ^Acetic Stiengtli— Total 
&lids — “ Ongmal Sohds ” — Nitrogen and Phosphoric Acid — Optical 
Standard— M-u/r Tinfoars — The Malt Vmegar Question — Compo8i> 
bon of Malt Ym^is— Cider Vmegai— Wme Vmegar— Whey Vin^ar 
— ^Fmit and Herb Vmegars— Date Tm^ai — Spint Vmegara — ^Fssig- 
i^nt— Wood Yin^ar— CompoBibon of Artificial Vmegars 

The interpretation of the r®ults of an analysis is by no 
means an easy problem in the case of certain kmds of 
vinegar. Although analysis will show that a vin^ar 
must be a wood vmegar or spint vm^ar or distilled 
vinegar, it is not possible to state with certamty the 
origm of some gram vm^ars For example, a safe 
deduction may be drawn from the deficiency of certain 
constituents that a vmegar has not been manufactured 
in a normal way from malted or unmalted barely, but it 
may not be justifiable to assert that it has not been derived 
from a mixture of malted baxley and unmalted cereals* 
In the absence of legal standards for the composition of 
the liiffftTftnt. kmds of vmegar, the analyst can only draw 
probable conclusions from a comparison of his figures 
with the average results of products presumably brewed 
in the same way The danger of placing too much relianioe 
upon such comparisons was shown m a recent proseoction 
for the sale of a vmegar which the analyst asserted was 
not wholly derived from malt. The Stipendiary, hi dis^ 
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missing the case, remarked, ' This is not an analysis, but 
a guess ” 

CHEMCAL STAITOARDS FOE VINEGAE 

Acetic Strength. — ^The standard suggested by the 
Local Government Board m then* defimtions of vinegar 
and artificial vmegar, of a mimmum of 4 per cent of acetic 
acid, has already been mentioned 
There have been numerous prosecutions and con- 
victions for the sale of vinegar containing less than 
4 per cent of acetic acid, and the bulk of the vinegar 
sold throughout the country is now m excess of the 
4 per cent, standard 

There is, however, no general agreement on the pomt, 
and even during the cunent year conflicting decisions 
have been given by magistrates. 

Legal standards for the strength of vmegar are found 
m the food regulations of some of the Colomes and m 
foreign countnes For example, m Australia and m the 
Umted States the same minimum standard for strength 
(4 per cent.) has been adopted 
Standard for Total Solids. — ^Early m 1907 the London 
and Country Vm^ax Brewers' Association passed a 
resolution, to the effect that the conditions specified in 
the Admiralty contract were a correct defimtion of what 
No 20 Ym^ar should be — 

" The vm^ar of No 20 trade denomination, which 
contains 5 17 per cent or 22 6 grams by weight of real 
acetic amd per flmd ounce It shall have a 

specific gravity at 60® F. of 1 017 to 1 021, and be wholly 
tile product of alcohoho, acetous fermentation in the 
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Vinegar itself, and that they were prepaied to support 
local authonties m estabhshmg such a standard, and 
that higher and lovrer strengths of vinegai be based on 
this definition * 

No attempt was made by the Local Government Board 
to give foice to this proposed standard of a minimum of 
total bohd matters In fact, one firm declmed to support 
the resolution upon the giound that to leave a large 
proportion of unfeimented substances m the wash would 
lead to bad and uneconomical brewmg 
Moreover, a well-attenuated wash from an all-malt 
brew might have a much lover specific gravity than a 
wash prepared from glucose containmg a large amount 
of unfermentable substances. At best, such a standard 
would have had the effect of maMng a sharper differenti- 
ation between brewed and artificial vm^ars, which are 
usually sold at a cost that would not permit of the addition 
of suitable substances to raise the specific gravity 
Galealafion of SoSis .** — An empmcal but 

convement method of comparing the analytical results 
of the examination of vinegars of different acetic strength 
was devised by Hehner f 

It IS based upon a calculation of the percentage of the 
different constituents upon 100 parts of the sohd matter 
estimated to have been present m the ongmal wort 
Smce 180 parts of dextrose can be theoretically converted 
mto 120 parts of acetic amd, the “ ongmal sohds ” are 
found by multiplying the percentage of acetic aoid by 
the factor 1 5 and adding the product to the amount of 
total sohds still remaining m the vmegar 
For example, in the case of a vin^or oontaining 4>92 
* Br. HazoiU’s Report, 1908, pb 16^ i* Afudyst^ 1891, xvi , 92 
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per cent of acetic acid and 2 27 per cent of total solids, 
the “ ongmal sohds ” would be (4 92 x 1 6) + 2 27 = 
9 65 per cent 

It was pointed out by Allen and Moore * that in practice 
the yield of acetic acid seldom exceeds two-thirds of 
the theoieticaJ amount, so that a more correct estimation 
of the ongmal sohds in the wort would be made by multi- 
plying the amount of acetic acid by ( = 2 25) and 
adding this result to the total sohds found m the wme- 
gar Applying this method of calculation to the example 
givmi above, the “ ongmal sohds ” would be 13 44 per cent. 

As it is impossible, owmg to the vanety of materials 
used for brewing, and the vanations m the loss on aceti- 
fication, to amve at a true figure for the “ ongmal sohds," 
there seems to be no advantage m substituting the value 
as calculated by Allen and Moore for the theoretical 
value suggested by Hehner 

Nitrogen and Phosphoric Aeid. — ^The proportion of one 
or both of these constituents calculated upon the “ ongmal 
sohds ” of the vmegar is usually taken mto consideration 
m giving an opmion upon the ongm of a vmegar 
In the case of a vmegar brewed from an average barley 
malt, the amounts of mtrogen and phosphonc acids m 
the " ongmal sohds ” will usually exceed 0 6 per cent , 
and the two quantities of the two constituents will be 
approximately equal This is, of course, assuming that 
no process has been used whereby the proportion of 
either is reduced. 

Barley malts vary widdy m their composition, as is 
shown by the following analyses by Salamonf of sixteen 
sample of dried malt * — 

*JM, 1893, rrai , 245, 


t J. She Ohm. 1886. 
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1 

1 

( Mineral 

^ Asb 

1 

1 

Total Nitrogen Total Xitrogen 
from from Soluble 

{ Xitrogenons XitrogenoiiB 

Snbstances Substances 

♦ 

Phospbonc , 
Anhydnde, , 
izOs. I 


! 

Percent 

; Per cent 

Percent 

Tfetoenk. 

Highest, 

3 41 

j 170 

1 193 

110 ; 

Lowest, 

- 2 09 

. 127 

0 662 , 

1 

0 636 ! 


It will thus be seen that malt made from badly-germi- 
nated barley wiU contain much less soluble mtrogen 
than that from weU-grown barley that has genmnated 
satisfactorily. 

At the same time, it is hardly probable that vmegar 
made from a malt contaamng only relativdiy small 
amounts of soluble nitrogen and phosphono acid, such 
as the lowest figures recorded above, would contain less 
than the 0 5 per cent of each constitu^t calculated 
upon the original “ solids.'" 

But the conditions are totally different when a mixture 
(ff malted barley or other malt with raw grain is used, 
as is obvioiffi from a glance at the following analyses 
made by CSIbert •— * 



t 

^ Barley 

1 

1 Eje. 

Maize 

Oats 

Hbistnzs^ 

reree&t 

120 

! Fereest 

14 3 

Percent 

116 

Fereent 

14 2 

Staioha 

62 7 

549 

648 

561 

Chims and 

42 

113 

29 

67 

AlhuntTfimAt fanlnble 

aaoA XDBoinbfe), 

1 13 2 

! 88 i 

89 

16 0 

OelbloB^ . 

1 11-6 


14 9 

l-O 


j 26 

i 2-0 

4-7 

4^ 

Ash, 

1 2-8 

1 18 1 

16 

22 

TotaL 

; 99-0 

996 i 

; 99'3 

DO’S 


* Qnoted by NettletCHi, The MarntfoOnre of Bpmi, p. 98& 
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Again, according to von Bibra,* the ash o£ rye ranges 
from 1 97 to 2 05, and the proportion of phosphono aoid 
therein from 42 38 to 60 35 

Hence, ymegars brewed from mixtures of a malted 
gram with any of these raw grains would show enormous 
variations m the proportions of mtiogen and phosphono 
aad If lye were used the values for both the con- 
stituents would be very much lower than if barley 
were the gram, while if noe were the cereal employed 
the percentages would be still less, and would fall far 
below those of a vmegar brewed from an average malted 
barley or a mixture of malt and barley 
Foi these reasons it is obvious that even if the defim- 
tion of malt vmegar as a cereal product, the sacohan- 
fieation of which has been imtiated by the diastase of 
malt, were geneially accepted, the difficulty of distm- 
guishmg analytically between the difierent classes of 
cereal vmegars would remain 
If piepared cereals are employed, the results wiU differ 
from those obtained with ordmary raw gram, as is shown 
by the following analyses of prepared gram, which have 
often been used m the manufacture of vmegar These 
r^ults are quoted by Nettleton f 
The effect of the torrefymg process on the barley is 
to reduce the oil and water, and to mcrease the propor- 
fron of starch, while leaving the amounts of mmeral 
constituents and mtrogenous substances practically the 
same 

In the case of the flaked preparations similar changes 
tate place, while the amounts of ash, nitrogenous sub- 

* Qcarumgsleehmache Uiakrmushmga-mefhioden (Bauer), p. 143 


f Mamfactwe of Sjpirtt, p 394 



OHARA, OTEBISTIOS OF SIFFSKEiKT VINEOABS 177 


stances, and phosphoric acid are but httle affected, after 
maldrig allowance for the different proportions of water 
in the cereal before and after treatment 



t Torrefied or 

1 Bopped Barley 

Plilced Maize 

I 

\ Flaked Maize 
j «CtereaIiiie^ 


Per cent 

Per cent 

! Per cent 

Moistoxey . 

sd 

7 76 

1 13 33 

Od, . 

197 


1 132 

Albuminoids 

0 88 

12 62 1 

065 

7 76 

]■ 854 

Staich and sogais^ . 

■ 71 65 

67 36 

76 60 

6 03 || 
( 1 

2 95 1 

1 

16 25 

, (including 
the oil) 

1 24 

( 080 

Woody fibie and ceUulose, 

Mineral ash» 

} 


Chapman * has shown that the proportion of phosphoric 
acid in a vinegar depends, not only upon ihe composition 
of the cereal, but also tq>on the nature of the mineral 
salts in the brewing water 

This was illustrated by the foUowmg esperiments, in 
which two diff»:^t malts were mashed with waters of 
different degrees of hardness, and the proportions of 
phoephoiic amd m the filtrates were determmed — 


MaLT» a Phosphonc Acid (P 5 O 5 ) 

Grains per Gallon 

Distdled water. 

46*56 

Water containing 20 grains total sohds, 

42 44 

Very hard water, 

30*44 

Malt, B 

Distilled water. 

44 77 

Water containing 20 grains total sohds, 

37*61 

Very hard water. 

26*88 

* Ancd^gt, 1912, xxxm, 123. 

13 
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In the case of vinegars brewed with very hard water 
Ohaptrian found that almost the whole of the phosphoric 
amd was left in an insoluble condition (tnbasic calcium 
phosphate) on igmtion of the total solids 

For these reasons he deprecates the fixing of an ofGicial 
standard for pho^honc amd m vmegar 

In like manner, the proportion of mtrogen is infi.uenced 
by the conditions of brewing If low-dned malt and low 
mashing temperatures be used, the mtrogen will be 
hi^er than if high-dned malts are employed, or part of 
the wort be boiled after mashmg, as is sometimes done 
to promote the final filtration of the vmegar The addi- 
tion of ferrocyanide as a clarifying agent (see p 131) 
precipitates proteins, and this reduces the proportion of 
mtrogen, and these instances afford further illustrations 
of the dangers mentaoned by Chapman (foe ai) "of 
settmg up official standards for the composition of manu- 
factured foodstuffs.” 

Optical Standard. — ^In 1906 malt vinegar was defined 
by the Umted States Department of Agnoulture (Qrcular 
No 19) as “a product made by the alcohohe and 
subsequent acetous fermentations, without distillation, 
of an infusion of barley malt, or cereals whose 
starch has been converted by malt, is dextro-rotatory, 
and contains in 100 cubic centimetres (20*^ G) not 
less than 4 grammes of acetic amd, not less than 
2 grammes of solids, and not less than two-tenths 
(0*2) gramme of ash , and the water-soluble ash 
from 100 c c. of the vinegar contains not less t-.ban 
9 milligrammes of phosphoric amd (PjOj), and re- 
quires not less than 4 c.o. of ^ amd to neutralise its 
alkahmty.” 
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It has been shown by Chapman * that vmegar brewed 
from barley malt and cereals need not necessarily be 
dextro-rotatory, but that the protmns and their hydro- 
lytic products may cause the vmegar to show a l»vo- 
rotation For example, practically the whole of a manu- 
facturer’s stock of vm^ar showed a Isevo-rotation of 
—0 56“ to —0 76“ when examined m a 200 mm tube, 
although no sugar had been used m the brewing 
The Halt Vinegar Question. — ^Few problems that have 
arisen m the administration of the Food and Drugs Acts 
have presented more difficulties than the question of 
what IS or 18 not malt vmegar,” for there is no l^al 
defimtion of the product, and all attempts to obtain a 
bmdmg decision have hitherto proved fruitless. 

As far back as 1894 the subject came mto prominence 
m cozmection with certam vitmgar prosecutions in the 
Midlands, and a Oonferenoe of the Sootety of Public 
Analysts t was hdd with the idea of obtaiim^ some 
concerted agce^nent iqion the point. 

In the course of the discusmou it soon became evident 
that there was a great divergence in the vievre held by 
leading Puhlio Anafysis on this subject For example, 
while one speaker held that “ malt vmegar ” ought to be 
derived solely &om malted bailey, a second was pre- 
pared to pass a product brewed from a mixture of 10 per 
cent, of malt and 90 per cent, of barl^, and a third 
remarked that “ no one would doubt for a mcmient bat 
that ’ malt ’ was a term applied to a mixtoie of jniilt 
and barley only.” Still greater latitude was allowed by 
another Public Analyst, who urged the Society to adopt 
the view that malt vine^ was “ a product initiated by 
*Anafyat, 1912, zzxni., 12S iAHnOftt, 1894 
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ypalt aloii6 , raw gram may be used with it m the mash- 
trai, because the utilisation of its starch is absolutely 
restncted to the action of the malt, and therefore the 
constituents of the wort may be said to be stnotly malt 
products ” He would not admit “ the products of starch 
hydrolysed by sulphuric acid or m other ways than by 
diastase” 

The desnabihty of some agreem^t being reached, 
both in the interest of the profession and of the pubhc, 
was pointed out by more than one speaker, while Mr. 
A H. Allen lemaAed that he regretted that the vin^ar 
manu&cturer had sometimes bean hardly dealt with by 
the Pubhc Analyst 

It was hardly surprising, however, m view of the 
divergency of opinions that the discussion should have 
ended without any definition of “ malt vinegar ” having 
been formulated by the Society 
The result has been that mdividual Pubhc Analysts 
when called upon to examme samples of malt vin^ar 
have had to form their own defimtions and fix their own 
standards, and confiicting decisions which settle nothmg 
are constantly being given m the police courts all over 
the country. 

For example, it was decided some years ago m the 
North of England that a vinegar manufactured from a 
mixture nudt and flaked maize was “ malt vin^mr,” 
and c(^s were aUowed against the county authon- 
ties, whereas m 1912 a Worcestershire bench held that 
flaked maize or maize gnts ought not to be a constitumit 
of malt vinegar, and fined the defendants 
We have thus the &rcioal positim that a man is re- 
garded as an honest man for seUmg m one part of Eng^land 
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an article for the sale of i;ihich m another county he would 
be subjected to a criminal prosecution. 

The want of some authoritative statement has been 
so keenly felt that m 1911 the Association of Vinegar 
Brewers requebted the Local Government Board to fix 
a definition for malt vinegar The Boaid replied (Dec. 
15th, 1911), that they had no pm\er to fix legal definitions 
for vinegai, but they suggested defimtions that might 
be acceptable to all concerned m the manufacture and 
examination of vinegars, viz — 


“GE^vERAL STA:ST)ARD FOR VIXEGAR. 

‘ Vimgar is a liquid derived wholly from alcoholic 
and acetous fermentations; it shall not contain 1^ 
than 4 grammes of acetic acid (CHg . COOH) in IW cubic 
centimetres of vinegar , it shall not contain arsemc in 
amounts exceeding 0-0143 milligramme per 100 cubic 
centimetres of vinegar, nor any sulphunc or other mineral 
acid, lead or copper, nor shall it contain any fore^n 
substance or colouring matter except caramel McM 
vinegar is derived wholy from malted barley or wholly 
from cereals, the starch of which has been baccharified 
by the diasta^ of malt. 


« ARTIFICIAL VINEGAR. 

‘‘ Artificml Fimguf is any vinegar or sutetitute for 
vinegar containing or derived from any preparalioii 
contmning any added acetic acid which is not wholy 
the prcduct of alcoholic and subsequent aed:oia fer- 
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mentation It shall contam not less than 4 grammes 
of acetic acid (GHj COOH) m 100 cubic centimetres of 
the artificial vmegar It shall not contain arsemc m 
amounts exceeding 0 0143 mill^amme per 100 cubic 
centimetres of vmegar, nor any sulphuric or other mmeral 
acid, lead or copper, nor shall it contam any foreign 
substance or colourmg matter except caramel ” 

It will be seen that this defimtion for malt vmegar 
lestnctB the use of the term to the products of the mash- 
ton, and excludes those made by the conversion process. 
It thus si^ports the view put forward by several public 
analysts that the term " malt ” should refer to the agency 
by which the starch of the gram is hydrolysed 
On the other hand, it permits the use of any cereal 
(mcludmg nee or maize), provided that sufficient malted 
gram is present to effect the hydrolysis 
Unfortunately, this defimtion has not been generally 
accepted by Pubhc Analysts, for smoe it appeared there 
have been several prosecutions for the sale of vmegars 
derived in part from products other than malt, and 
there has been the usual result of confiictmg decisions 
by magistenal benches m different parts of the country 
It is to be hoped that before long this defimtion may be 
legalised by statute so as to put an end to the present 
staite of uno^ctainty and confusion 
Hie following analyses, made by the wnter, show the 
characters of the products sold as malt vmegar by 
leading manufacturers, the samples havmg been bought 
at various tunes during the last twelve years — 
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Vinegars made by tbe same mamifaeturers as Nos 
IV., XII , and XV , and giving similar analytical results, 
have been made the subjects of prosecution, on the 
grounds of not bemg wholly malt products The low 
nitrogen and phosphono acid results weie attributed by 
the defence to the use of cereals other than malted barley 
In some cases there were acqmttals and m others con- 
victums 

The vinegar No XI. was lemarkably high in mtrogen 
and abnormally low m phosphates, and for this reason 
the makers were prosecuted, but won their case The 
explanation of the abnormal %nres is that the vinegar 
was brewed from a mixture of green malt and nee, the 
formmr bemg responsible for the high mtrogen and the 
latter for the low phosphonc acid 
Several of the vmegars mcluded m the above table 
were admittedly manufactured by the conversion process 
No XVI was a typical instance, and it was characterised 
by a high percentage of mineral matter, m which, too, 
there was a large proportion of sulphate 
The low proportion of total sohds m No IX. is unusual, 
and has on more than one occasion been the subject of 
comment It could be safasfactonly accounted for by 
the fermentation having been earned to a lower pomt 
than is usually the case. 

CIDER VINEGAR. 

Very httle <ader vm^ar is manufactured m this 
country, but m the United States it is m much greater 
d e mand than either wme or malt vmegar 
Analyses of twenty-two typical samples of various 
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origin were published by Leach and Lythgoe,* and from 
their results they suggest that eertam chemical standaids 
should be fixed Thus, in thdb: opmion, pure cider vinegar 
should contain at least 4 5 per cent of acetic acid and 
2 per cent of ash (which bhould be at least 6 per cent, 
of the total solids, and have an alkalinity eqmvalent to 
at least 65 c c. ^ acid per 1 grm ). Not less than 50 per 
cent of the phosphates should be soluble m water The 
redudng sugars should not vary m amount after mversion, 
and should not exceed 25 per cent of the total solids 
The specific rotation of the clarified vmegar should be 
between — 0 1® and — 4 0® Ventske (200 mm tube). 
The presence of malic amd should be ascertauied by the 
lead acetate and calcium chloride t^ts (see p 154). 

In the opinion of Tohuan and Goodnow,t the older 
analyses of dder vinegar are not applicable to the vinegars 
which are now being made by the "quick" process. 
Their experiments mdicated that the loss in volume 
during acetification was so small that it was posmble, 
without correction, to compare the results with those 
^ven by the original dder. This contained on the average 
7-7 pw cent, by volume of alcohol and 0-27 per cent of 
acetic acid, and yielded a vin^ar containing 5 77 per 
cent, of acetic add and 0 4 per cent, of alcohol, the loss 
of alcohol during acetification being thus over 20 per 
emit. 

The total solids, ash, and ^yceiin were but httie 
affected by acetifi(».tiGn, while the non-sugars WMe suh- 
stantiaUy tite same in the mder and the vmegar. Alde- 
hydic compounds were formed, and it was necessary to 

*J. Amer Chm Soc^ 1904, zzvi.,37S 

fj. Ind Eng Cl%em , 1913, t , 028 
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evaporate the vinegar repeatedly to e:^el these , other- 
wise the sugars were overestimated by Tehling’s solution 
by 0 16 to 0 2 grm per 100 c c 

The fixed acids were greatly reduced by acetifioation, 
and fell as low as 0 04 per cent (as malic acid) , on the 
other hand, the pentosans moreased by about 60 per 
cent 

The foUowmg analysis of a IVrench cider vmegair is 
given by Oalvet * • — Total acidity as acetic acid, 4 71 , 
fixed addiiy (as HaSO*), 0*19 ; total sohds, 1 98 , re- 
ducing sugars (as dextrose), 0 27 , ash, 0 26 , and alcohol, 
0-7 per cent. 


WmB VINEGAR 

Wme vmegar is the predominatmg product of Erance, 
just as malt vinegar is m this country, and cider vmegar 
in the Umted States Red or white wmes are used m 
the manufacture, and the resulting vmegars accordin^y 
vary m colour 

As a rule, the acetic strength is considerably hi ghftr 
than m the case of malt vmegar, and is usually not less 
than 7 or 8 per cent The specific gravity is low, owing 
to the small amount of solid matter present 

An analysis made by the writer of one of the principal 
Etench wine vm^ars sold m this country gave the fol- 
lowing results .—Specific gravity, 1 017 , acetic acid, 
7 2 , total sohds, 1 7 , ash, 0 26 , phosphoric acid, 0 042; 
and mtrogen, 0 013 per cent. 

Vmegars made from British wmes contam more total 
sohds than Erench wme vmegars, and these are of a more 


*Loe at, p 61 . 
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VISCOUS character from the presence of the sugar m the 
wme 

The distinguishing characteristics of genume grape 
wine vinegars are the presence of tartanc acid and inositol, 
for the detection of which see pp. 155, 163 
The following results were obtamed in the analysis of 
white wine vmegars by the Municipal Laboratory of 
Pans — 



bpecific 
t Gnamtj 

Total 

Solids 

Sugar 

PotasBinm 

Bztartrate 

Ash 

Acetic 

Acid 



Percent 

Percent 

Pei cent 

Percent 

Percent 

“VATimTunj 

10213 

319 

046 

0 36 

069 

7 38 

MinTwniTWj 

10129 

138 

056 

0 07 

016 

444 

Mean, 

10175 

1 

' 193 

022 

017 

0 32 

1 

655 

1 


The presence of ^ueose vin^ar in wine vine^ may 
be detected, according to DeOuo,* by the fact that in the 

former the ratio of approximates to unity. This 

dextrose 

IS shown by the following analyses of white and red 
vinegars made from coloured ^ucose syrups . — 



^lie Tinegar Eed Vinegar 

‘ Sperafic gravity at 15® 

< Aisetio per cent , 

f Total gclidSy per oe^ 

1 Bednonig sogata^ as dextrose, 

^ T> total sohds 

: ®^-3ss5sr' 

1-026 1-012 

6 65 4 20 

2 41 1 12 

2 26 0 98 

1-06 1 14 


For the method of determining reducing sugars, see 

p. 162 . 


* Calvet, foe ot, p ftl 
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Wme vinegars are frequently adulterated in France 
with spirit vinegar , or, rather, the vinegar is prepared 
by acetifying a naixture of wine and dilute alcohol 
Distilled wine vinegax is made by distilling either 
red or white wine vinegar under reduced pressure (see 
p 135) It IS commonly sold under the name of whvte 
WWH6 wnegaif and this name is also wrongly apphed to 
distiUed malt vmegar 

WHEY VINEGAR 

This is made from the whey of milk fortified with 
sufficient sugar to give the alcohol necessary for the 
production of the acetic acid 
A sample examined by Eilaudeau and Vitoux ♦ had the 
following characteis — Specific gravity at 16® C , 1 0184 , 
total acidily as acetic a(nd, 6 51 , fixed acidity as lactic 
acid, 0 18 , total sohds, 2 10 , reducing sugars, as lactose, 

1 44 , mtrogenous substances as casein, 0 17 , ash, 
0 14 , sodium chlonde, 0 09 , and insoluble ash (tnbasic 
calcium phoi^hate). Oil per cent 

FRUIT AND HERB VINEGARS 

Vmegar may be made from any frmt contammg suffi- 
mmit sugar for the production of the necessary alcohol 
In other cases — eg, raspberry vmegar — the vinegar 
is made by steepii^ the fruit m distiUed vmegar and 
sweetening the product with cane sugar 
A similar proems is employed m preparing tarragon 
and other products of the same nature, the herbs being 
* Ann des F<^f%eat , 1909, u , 208 
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steeped in a brewed or distilled -vm^ar to impart the 
necessary flavour 


DATE VMEGAR 

A few years ago a spirited attempt was made in this 
country to create a demand for date vin^u: in place of 
malt vmegar The products put upon the market had a 
characteristic flavour and aroma, somewhat reoaJlmg that 
of a wine vmegar 

Compared with a normal barley malt vm^ar, they 
were low in mtrogen and phosphoric amd Three com- 
mercial samples ezammed by the writer m diflerent 
years gave the following percentage results — 


t 

1 

, Acetic Acid 

i 

Total Solids 

t 


PhosphoncAcid j 

t 

Kitiogen 1 

I 

< 50 


048 

0 051 

1 

0 031 { 

IL 

' 531 


0 49 


0-024 1 

: m. 

1 

58 


049 

0 038 

0-030 


In spite of much advertising, date vmegar never 
became a serious competitor of malt vin^ar, and of 
late years appeam to have disappeared from the market. 


SPIRIT VINEGARS. 

The manufacture of vinegar £rom dilute alcohol has 
become a serious competitor of the old-established m- 
dustry of wine vmegar in Erance, smce the product can 
be sold at a much lower price 
Spirit vmegar is usually coloured with a little oaramel, 
to make it resemble wme vinegar more doeely. Its 
odour is much more pungent, and lacks the bouquet 
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of the wme product It contains much l^s solid matter 
and ash than wme vinegar, but differs from dilute acetic 
acid in contammg alcohol, aldehyde, and tartanc acid 

The foUowmg analysis shows the composition of a 
typical Erench product — Total acidity as acetic acid, 
7 68 , fixed acidity (as HaSOJ, 0 03 , total sohds, 0 22 , 
tartanc acid, 0 08 , and ash, 0 04 per cent , ratio 
extract „ 
dextrose’ 

Essigspiit or Vinegar Essenee.— A German product is 
prepared from potato spint by a fermentation process. 
It usually contains about 11 to 12 per cent of acetic 
acid, and has a slight ydlow tmt, and an agreeable aro- 
matic odour Until recently, it was imported mto this 
country m large quantities, and used for pickhng purposes 
as a cheap substitute for malt vmegar 
A typical sample examined by the writer had the 
following oharactenstics — Acetic acid, 12 3 , total sohds, 
0 16 , and ash, 0 02 per cent 
A concentrated acetic acid is also made by neutralising 
the Mssvgsynt with hme and distilling the calcium acetate 
with sulphuric amd 8<pmt acid thus prepared has a much 
more pleasant aroma, and contains fewer impurities than 
much of the wood acetic add imported mto 'F>n gTa.T»l 

WOOD VINEGAR 

Wood vmegar, as its name denotes, is nothing more 
than dilute acetic acid, coloured with caramd, 
Bometunes flavoured by the addition of a small quantity 
brewed vm^ar 

It has a pungent odour of acetic acid, and lacks the 
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aroma of malt vmegar, although it is frequently fraud- 
ulently sold under the name of ‘ malt vm^ar ” 

The following analyses of commercial samples of 
artihoal vmegar were made by the writer during the 
last ten years — 


CX)MPQSPnOir of ABTmCUL VDJEGAllS. 


1 

1 

^ Soldfts 

1 ^ Sf 

Utlfi6»C 

1 

1 

Batei 

fiohda 

Aab 

111 

1 

29’itrQgen 

1 

ColOQT 

Lo^i 

bond 

“52” 

Senes 

) 

» ‘Bet . Per 

Per 

Pfer 

} Per 

r 

Pfflr 


1 “Wood 

T eeat ' cent 

1 j 

cent 

cent 

1 cent 

cent 


1 vzofigar," 

“Pale malt 

j 1<00» 1 49 . 

0 52 


■a 


24 

^ TOiepr/' 

“DonWe re- 
fined malt 

j • '^2 , 

* 1-OOe [ 4-4 ^ 

018 

i 

i 

0 018 

tiaee 


15 

“Malt 

' . 425 ' 

> ' i 

060 ! 

1 

0 036 


none 


YJOeg/BX/* 

065 

024 

trace 

trace 



in the case of the “ double refined malt vinegar/' the 
whole ci the cdounng matter could be precipitated by 
fuBmr's earth, but this was not possible with the last 
sample. It was, ther^ore, probable that m the latter 
vm^ar some of the colour was denved from the addition 
of gcain vinegar as a flavouring agent 
The traces of phosphoric add and nitrogen were pro- 
baUy present m the caramd used for colouring these 
products. The high ash of the last sample was dtie to 
the presence of 0*18 per cent of common salt. ' 

Artifidal vmegars usually contain at least 4 per cent 
of aoel^ add, and there have been numerous prosecutions 
f<nr the sale of products of lower addity (see p. 172). 









192 


APPENDIX I 

IMPORT DUTIES ON VINEGAR AND ACETIC 
ACID. 


BribA Bidift— 

Ymegar m casks, 
Tmegfflc not in casks 

OeyfoD:— 

Ymegar m casks, 
Tmegar not in casks, 


2^ per cent ad valorem. 


22 „ 
, 


Msnntnis— 

Vmegar not esceeding 8 degrees by SaJleron's 
ac6timbtr^ per gall Bs 0 ots 

(With an additional duty of -A cts lor erezy degree 
above 8 degrees by Salleron's aodtimbtre ]"' 

SeyeheUes, 12 J per cent oA valorem 

Australia— 

Vmegar, vmegar essence, and acetic amd vmegar (standard 
as prescribed by Departmental Bye-laws), the product of 
malt, gram, or fnut puce by aloohoho and acetic fermmita' 
turn, oontammg not more than 6 per cent of absolute 
aoetioaoid, per gall £0 0 6 

Vm^ar not the product of malt, gram, or fruit juice, per gall 0 2 0 
Solutions oontammg more tiian 6 per cent , but less 
30 per cent, per gall 0 3 9 

Bor every 10 per omt additional, „ 0 13 

Papiu— 

All kmds, per gall 0 0 6 


•Seep 138 
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New Zealand— 


Vinegar not cxceedmf; 6 5 per cent of aeiditv as acetic acid. 



per gall 

0 

Othenvise, 

99 

0 

Acetic acid up to 30 per cent strength. 

per lb 

0 

For every 10 per cent additional acidity. 

99 

0 

Fiji, 

per gall 

0 


0 6 
0 7J 

0 n 

0 Oi 
0 6 


Bh^sh Soutb Afnca— 


Glacial acetic acid — 

(1) In bottles, etc , not exceeding an impenal quart — 


Under Bntisb preferential tanff, per gall £l 

Under general tanff, „ 1 

(2) In larger quantities— 

Bntish preferential tanff, „ 1 

General tanff, „ 1 

Vinegar, "vinegar essence, acetic (other than glacial) and 

pyroligneous acids, not exceeding proof strength — 

(1) Jh bottles, etc , not exceeding 1 quart— 

Bntish preferential tanff, £0 

General tanff, 0 

(2) In larger quantities— 

Bntish prefeirential tanff, 0 

General tanff, 0 


4 6 
12 5 

4 0 
11 11 


1 0 
1 1 

0 6 
0 7 


And m addition m either case for each degree of strength m 
excess of proof— 

Under Bnti^ preferential tanff, per degree £0 0 3 

Under general tanff, „ 0 0 4 

(Xote — Proof ” will he held to he eqnal to 6 per 0 €«it of absolute aoetic 
acid, and shall be determined m the manner piescnbed by the Customs 
In Cape of Good Hope, the sale is prohibited of vmegax to which have 
been added ingredients m 3 unous to health, and which does not contam 
at least 3| per cent, of absolute acetic acid (Act No 10 of 1908} ) 


IQwsateDd ncofeefocate, 

10 per cent advaJarm, 

Uganda Frofeeiwate, 

10 „ 

99 

S(Hiudi]aQd— 

10 „ 

99 

Imported m Z^la, 

« » 

9* 

Impoited in other ports. 

7 « 

ff 

13 
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10 per oont ad talorm 

Gold Cioast— 


Imported west of the Volta, 

10 ., 

99 

Imported east of the Volta, 

4 „ 

99 

Sioxa Leone, 

10 „ 

99 

Gaoibia, 

5 9f 

99 

Canada— 



Vm^ar and aeetic acid (not exceeding proof strength — 


Under Bnbsh preferential tanff, 

per gall 

£0 0 4 93 

Under mtennediate tariff. 

99 

0 0 617 

Under general tariff, 

99 

0 0 740 

With additional duties of 0 74d , 0 86d , and 0 99d for each 

degree under proof 



(fhe strength of proof shall be held to equal 6 per cent of absolute acetic 

acid, and shall be detennmed m the maimer prescribed by the Governor* 

m Council ) 



Newfoundland— 



In cask, 

per gall 

£0 0 7 40 

In bottle. 

30 per cent advalorm 

Bahamas, 

20 „ 

99 

Jamaica, 

16f , 

99 

St Lueia, 

per gall 

£0 0 4 

St Vueent, 

10 per cent adtalorem 

Barbados, 

10 

99 

Granadai, 

10 „ 

99 

Virgin Dsdaods, 

per gall 

£0 0 3 

St Ohnsto^w, 

99 

0 0 4 

Antigaa, 

99 

0 0 4 

Monsetra^ 

99 

o 

o 

Domimci^ 

99 

o 

o 

Trinidad and Tobago— 



Aoetio aoid bdow 6 per cent strength. 

per gall 

£0 0 6 

Aoetio acid above 6 per cent strength. 

99 

0 2 6 

Ymegar, 

99 

0 0 6 
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BOTEuda — 

AUkmds, , 10per(5enfc admlormi 

British Honduras- 

All kinds, 

British Guiana — 

Vm^ar, containing less than 10 per cent, of acetic acid, 

per galL £0 0 5 

MMtar-— 

Per barrel of 9| gallons, 0 2 0 

C^ms — 

All Tnndig j 8 per cent ad mlorem 

No import duties are chaiged m the following countnes — 

Aden, Straits Settlements, Hong-Kong, Falkland Islands, N E, 
Rhod^a, St Helena, and Gibraltar 



196 


APPENDIX n 


FRENCH DUTIES ON VINEGAR. 


Pbiob to file year 1872 tho only vinegar upon which duty was charged in 
Fcanoe was th&t rn^u^^» tram heer, the raw materials for which were taxed 
m with a law of 1816 The duty levied m 1872 upon alcohol 

intended for the manufectare of spint vmegar led to complamts from the 
vinegBX maikeis of the nwfmr advantage given to the manufacturers of 
'Bine vmegar, with the result that in 1875 a uniform tax was imposed upon 
vmegar of every description m accordance with the following tariff. The 
strength of the vmegar is based upon the results ohtamed with Salleron’s 
acetimetre (p 138} 


Peexch Duties os llAjruTACTURED oe Ihhpoeted Vimhgse 


Imqui 

1 Vmegais containing 8 per cent or less acetic amd, 5 

„ „ 9 to 12 per cent acetic amd, 7 50 

„ „ 13 to 16 per cent aoetio amd, 10 

2 Acoticaculband7megarscontainmgl7to30peroent 

acetie amd, 18 75 


25 


Acetio acids and vmegais oontammg more than 40 per 
cent acetio amd, 5252 

3. Glamal acetic amd m the sohd condition 62 50 per 100 kilos 


per 

\ heoto- 
htre 
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BacUnum Kutzingiamm, 33 

PmiemiamM^ 3 ^ 

Barlwidog ymegar dutieb, 194 
Beatifoy’& vinegar woiks, 9 
Bemuda vinegar duties, 194 
Bersch's anetifier, 114 
Berzelius' theory of aoetification, 20 
Boerhave's process, 6, 7 
Boorde's dyetaiy, 7 
Bntish Guiana duties, 195 

Honduras duties, 195 

India duties, 192 

East Africa duties, 193 

South Africa duties, 193 

Buchner's acetic enzymes, 30 


G 

Canada vmegar dutielS, 194 
Caramel in vinegar, 150, 181 

Detection of, 159 

Estimation of, 162 

Catalytic theory of acetification, 20 

Ce\lon vinegar duties, 192 

Chemical standaidb foi vmegar, 171 

Cider vmegar, 184 

Citnc acid m vmegar, 156 

Clarification of vinegar, 130 

Claudon's apparatus 103 

Ooohmeal, 162 

Coloured wme vinegar, 163 

Colourmg matters, 156 

Colour measurement, 157 

Conversion process, 89 

Copper m vmegar, 163 

Grysi^ of Venus, 63 

C3fpra8 vm^ar duties, 195 
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Date vmegar, 189 
Diamond vm^ar, 19 
Distillation of vmegar, 135 

Early apparatus, 3 

of r^ioal vmegar, 63 

Distilled veidigns, 62 

vinegar, 136 

Domestic manufacture, 4 
Domuuoa vmegar duties, 194 


Dujaidm’s acetometer, 139 
Duties on vmegar, 10 
Colonial vinegdi, 192 
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Enzymic theoiies of acotification, 
22, 27, 28 
Essig sprit 64, 190 

Composition of, 190 

Ethyl acetate, 53 
Exammation of vmegar, 137 
Excise Commission on vmegar, 9, 13 

list of vmegar brewers, 11 

vmegar duties, 1 0 
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Fenooyanide precipitation, 131 
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Eieldmg, 98 
EiU vmegar duties, 193 
Filtration of vmegar, 129 
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Composition of, 177 

noe, 86 

Formic acid in vinegar, 150 
French vmegar duties, 196 
Fruit vmegars, 188 
Fuller's earth test for oaiamel, 159. 
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Gambia vmegar duties, 194 
Gelatmised gram, 86 
Gluconic acid, 54 
Glucose vmegar, 187 
Gold Coast vmegar duties, 194 
Grenada vmegar duties, 194 
Group system of acetification, 120 
Gyle, Acetification of, 98 

Distribution of, 106 

Preparation of, 77 

Storage of, 97 
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acid» 145 
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Hydrocyanic acid in vinegar, 


I 

Import duties on vinegar 192 
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3 

Jamaica vmegar duties, 194 


L 

Lead m vinegar, 163 
Legislation on vmegar, 10 
Lienees for vmegar, 13 
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25 

Light, Action on acetic bactena, 44 
Lime acetates, 66 
acid, 66 
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standards, 139, 172, 178 
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Mashing machmes, 81 
Process of, 83 
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Pyroligneous acid, 65, 66 

Estimation of strength of, 

140 


Q 

Quick process 10) 


R 

Radical ymegar, 16, 60 
Rapes, 129 

Real acetic acid, 16, 17, 60 
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Sugar, Addition to wort, 88 

Estimation of, 152 

Sulphates m vmegar, 148 
Sulphuric acid, 12, 14, 144 

Combined, 148 

Estimation of, 145 


T 

Tarragon vmegar, 188 
Tartano acid in wme vinegar, 165 
Temperatures m aoetifieation, 118 
Tin m vmegar, 163 
Tintometer, 158 
Tipping trough, 108 
Tobago vmegar duties, 194 
Torrefied barley, 86 

Composition of, 177 

Total solids, 140 

Standard for, 172 

Trade numbers, 16 
Trmidad vmegar duties, 194 


U 

Uganda vmegar duties, 193 
Umted States vinegar standard, 178 
Vv^ila acetu 21 


V 

Verdigns, 62 

Ymegar, Alkahsed, 57 

Arkficial, 181, 191 

bacteria, 31 

beer, 8, 12 

Qder, 184 

Commission, 9, 13 

Date, 189 

Distilled, 136 

eel, 122 

I fidds, 98 



INDEX. 


201 


Tinegaf fly, 128. 

Malt»13»,179 

maanfaetmers. 111 
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— ^Beaimgs — ^Framiug — Oondenseis— Am Pumps — Cucalatmg, Feed, Bilge Pumps — 
Leras and Lurks. — Slide Valves — Valve Gear — ^Beversmg Gear — PropeUers and 
Paddles — Sea Valves — ^Pipe Arrangements — Balancing, etc., of Engines — Fuel and 
Qombosiboxi — iN'^poratkon — ^Boileis, MatenaZ, Mountmg— Fumacea — ^mt^mal Com- 
hnSfe M Bt ‘Bngmes — Chains and Bopea — Stzezigth of Matenal — ^Bonding Strains — 
JSzpairaion of Mletala— Midtmg Points — W^ght of Macbmeiy, etc , etc —Index 
** The best book of its kind, both up-to-date and reliable * ‘'Engineer 

la Luge SvD Handsome Cloth With Frontispiece, 6 Plates, 

65 other lUnsfzationS) and 60 Tables 128 6d. net. 

SCRSUBT P JETOPJESXiXsBR 
And other Competlngr Inatpiuneiits for Karlae Pivimilaloiu 
By A E SEATON, M-InsrOE, MIMraflL, MXN.A. 

OORTEHT 8 — ^Bady History of liuiike PmpeZZexa'— Modem H^toy of Prope&eca'— 
Beastance of Shqpa — On S^ CkvitatMin and Bsicing — Paddle Wheela— Pgrdaaabo 
pulsiGHi— The Screw Propeller; Thrust and Efficiency -—VaziOQS 'Eatm of PiopeQer-^ 
Humber and Pomtiona— Kades, Hoiaber, 8hap^ etc— Detads of Semwa— Moh el 
the Socerw — Materiaia— Tnals Bi^peamoenta— DtnnDL 

**Ckmtain8aUtIratmiisefid to kiMW alKsot the aorawpiiqpel^ Tbocoiighly 

np-to-date *— Atotfaidby ^ 

IXNKDON : CHARIHS QRIRW & CO., LIU, EXEifiR SlVBer, SIRAND 
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CHARLES GRIFFIN A GO ^8 PUBLICATIONS 


Finn Edition, Re\ised and Enlarged Pp i \xm + 6';9 \\ith 
243 Illustrations Large S\o, Handsome Cloth 25s net 

A TEXT-BOOK ON 

GA8, OIL, AND AIR ENGINES. 

BRYAN DONKIN, M Inst C E . M Inst Mech E 

Re\ised throughout by T Graves Smixh With important New Matter 
by Prof Bursiall 

Contents — Pait I Gas Engines — Genera Description of the Action and Parts of 
a Gas Engine — ^Heat Cycles* and Classification of Gas Engines — ^History of the Gas 

Lnaine— The Atkinson, Gnffin and Stockport Engines — ^The Otto Gas Engine 

Modem Bnti^ Gas Engines — ^Modern French Gas Engines — German Gas Engines — Gas 
Production fcx Moti\e Power — ^Utihsation of Blast-furnace and Coke-oven Gases for 
Power — ^Theory of the Gas Engine — Chemical Composition of Gas m a Cylinder — 
ttihsation of Heat m a Gas Engine — Explosion and Combustion Part II Petrolmm 
Engines — Disooiery, Properties, and Utilisation of Oil — Oil Testmg, Carburetters, 

Oil Bngues — Working Methods — ^The Pnestman Engine — Other Bntish Oil Engmes — ^ 
American Gas and Oil Engmes — ^Fxendi and Swiss Oil Engines — German Oil Engines — 
Applications of Gas and Oil Engmes Part III Air Engines — ^Appendices — ^Xvdbx 
A very much up to date classic ’ ---Vaxly Telegt aph 


In Haudsome Cloth Pp i-x -1- 303 With Plate and 
178 lUuLstrations 12s 6d net 

Memal Gomlinstion Engines and Gas Producers. 

Br C W ASKLING, M E , and E ROESLER, M E 

A»tents — The Method ot M orking of Ihtemdl Combustion Engines Compared with 
th it of Other Heat engines — ^The Production, Preparation, Composition, Qualities 
of the Fuels mostly employed in Gas or Oil Engmes — ^Producers with Accessories General 
Prmciples of Design — General Buies for the Care of Suction gas Plants — ^Producer Plants 
Built for Gas power Purposes — Pnncipal Power-cycles of Internal Combustion Engines — 
Gas Engines — Oil Engmes— The Humphrey Gas Pump— On Combustion — Calculation 
of the Cylmder Dimensions — ^The Working Economy of Combustion Engines — ^Some 
Installations — ^Reduction Factors — 

“Internal combustion engmeers will do well to add this volume to their hbrarv of 
text-books ”—Gas and Oil Potver ^ 


In Demy 8\o Pp i-xiv + 2J7. With UluBtrations Ss 6d net 

EVOLUTION OF THE 

INTERNAL COMBUSTION ENGINE. 


By EDWARD BUTLER, Mechanical Enginbpr 

General ^''WPNTS— Introductory — Caloric Engines — Constant pressure Engines — 
JrLe-piston Engmes— Non compression Engines —Compression of Mixture —lour btroko 
— Bemoval of Inert Gasis — ^Two-stroke Engmes — Compound Explosion Engmes 
5 he Th(^:mo-d3ni'iini(£ of Int- ron»b Engine —Difficulties of the Turbine Principle — 
Governing and Carburettmg —Ignition —Starting and Beversmg — 
Evolut^ of the Bitemal Combustion Engine — Industnal Oil and Gas Engmes — Lar 
TOwer Engmes — agh-^ced Engines —Rotary and Revolvmg Cyhnder Engmes — Su 
lieeve or loner Valves — Coolmg and Lubncatiz^ — ^Indrx 

“ The Author s eip^enco gives him excellent quahfications for the ta^ he has under- 
SinS A *1. 1®^ are interested m the practical working of combustion engmes 

this volume mtercstmg and worthy of a place on their bookshelf ” — Meehmseal 


’T ‘ ' 

HSHBIIK ; CHAIULES GRIFFIN & CO , LTD, EXETER STREET. STRAND. 


SXGI.VbEEWG A2i'D MEOMAmOS 


By ANDREW JAMIESON, M^lOstCE., M.ldstE.E. 


Sevek^cesqith Editiok, Bevised With over 800 Pages, over 400 
mastntioiia, and 12 Plates lOs 6 d 

A TEXT-BOOK ON 

STEAM & STEAM ENGINES, 

nrCLUBING TURBINES AND BOILERS 

Specially arranged for the uae of Engmeers qualifying for the Institution 
of Civil Engineers, the Diplomas and Degrees of Technicid Colleges 
and Universities, Advanced Science Certificates of British and Colot^ 
Boards of Education, and Honours Certificates of the Oitj and Guilds 
of London Institute, m Mechamcal Engineering, and for Engmeers 
generally 

Gexsbal CoiSTTB^TS — ^Early Forms ot Steam Ens^me — ^Tempetatnie, ThennoxnGtxT 
Pjxometzy — Quantity of Heat, lliQnn.ii X^mts, ll^bles, Calonmeteis, Specific Heats 
of Gases and Steam — ^Diffusion, Badiation, etc , of Steam, Ebullition of Water — ^Katuie of 
Heat, Conversion of Work into Heat, Fust Law ox Theimodynaxmcs, The BTX7 — 
Sensible and Latent Heats of Water and SUam, Temperature and Freasuie of Steam — 
PreabUie and Vacoom Ganges — Z^poration and Condensation — Jet and Surface Con- 
densers — ^Work. — Genetation of Stkim in a dosed VeaseL — ^Boyle*s Law, Watt's 3>iae7am 
of Work — Charles's Law — ^Absolnte Zero — Adiabatic Sgfyansion — ^Heat Engine^ 
Carnot's Frmeiple — Imttopy and Thermodynamics — ^lap and Md of a Valve, Admission, 
Cnt-oir, etc — ^ZeunK s Vahe Diagrams — Beba\xonr of Steam m a Cylinder — ^Loea between 
Boiler and Cylinder — Steam Jacketing — Superheated Steam — CliiBhxonmg 7 --Obmpound- 
in^^Watt's, Crosby, and other Didicatois, mdxcator Diagrams — ^Nominal and Thdicated 
H F , Brake HP, Apparatus for finding HP — (kanks, Obxmectliig-rods, and other 
Hoving Parts Effect ox Inertia ot. Crank Effect Diagrams — Stationary Engx;^ — Oorlias 
Valve Gear — ^linbncatioiL — ^Willuis* Enni^ — ^Jubne ISnmnes — Paddle Wheels — 
The Screw PiopeUer, Pitch, Angle, Slip, Ihnxst, etc, etc —Ttiple-Ezpansum Bngmes 
Quadruple-Expansion Engmes —D etails of Esrune Valves, Pistons, Crossfaeads 
Beanngs, etc, etc.— Pumps — Condensexs — Ssbak TvsisnnBS Definition, IVpes, Speed 
of Eotor, Steam Oonsomption, Stresses, Balancing, etc etc — ^Hatbematical Eirelaziatioa 
of Heat Units, Wozk done, etc , etc , as expressed for Ideal Steam Enumes, wiui Special 
Beference to Torbiues — of Types of Tuzbmes — Boilsbs Teitical, Honnontal, 
Ooixush , Lancashire , Water Tulie , Belleville , Yarrow, etc , etc — ^Fozeed Diau^ — 
Hedianical Stdkeis — Hatenals in Boikr Oonstruction — Joints^ Stays, etc — The Loco- 
motive Engine, Injectors, Compounding, l^Saeney, etc — ^A ptskpioes — ^INPSZ 

V Oontams many Board of Education and City and Guilds Questions and Answers 
also aU the inst C S Exams ever set m The Thearff of Beat Sngmet^ up to time of piiibii* 
eatios. 

" The best book yet pabbdied fbr the use of studcDts.' ^Bnmneer 

" We consider the vcuume a ^^dendid text-book for aU readers — ^anne BTn^mm 


Ki^^etbskth Edition Leather, Pocket Size, with 810 pages 8s fid 
A POCB3ETBOOB: OP 

ELECTRICAL RULES AND TABLES 

BOB ms USB OB ELBCTBICIABS AND ENGINEERS 

BY JOHN MUNRO, C B , & Prof JAMIESON, M Inst C-B , F.Ra A 

GaamtAL O obtkuts — Electncal Engmaemig Symbols— B oiT Standards eftfaaflVb- 
inent. — ^Units of Heasurmsent — ^WeiAts and Meaamna— Tesfliiib—^xidiiG^^ 
Dielectzics —Telegraphy — Teiephony — Eadio cr WndeEB 

and Metallurgy — ^Edn%Bxi Bays- BatteoRes — Dynamos and Ifotemr-^IteTsferaiss^ — 
laghtmg — ^Wiring Rules (Idgbting and Tramways) — M nswils a sous^lij^gieh^ Meassire- 
ments — Logsnthms. — I ikdhx 

" Wo 2 n>BBFOLLY Pbeebos » . Worthy of the oommendation we cut 

give it **— JS&dncuot 

LONIMm : OIARLES COFFIN & CO, LTD, ISffilBR SHt^, aTXAIO}. 
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CHARLES ORIFFIN <fe 00 ‘8 PUBLICATIONS 

By ANDREW JAMIESON, M.IiistC.E., M.Iii8tE.E. 

MCJSLWT'CJAIjS. 


Tbibtbenth Edition, Revifled and Enlarged Pp i-xvi + 426 3s 6d 
an EIiEMBNTABY MANUAL OP 


HEAT ENGINES: STEAM, GAS AND OIL. 

Soeoiallr arranged for Itet Year Students under aU Boards of Education, 
City and Guilds of London Institute, Colonial and other Engmeenng 
Students 


ABRIDQBD CtoHTFHTS— Elementary Mensuration -^eights and Measures — Ther- 
mometry — ^Heat — ^Evaporation — ^Ebullition — Work— Pressure and Teinperatme of 
-D-Wifl n# iL fifjiA.Tn TSnffme—— Valves and their Setting 


iBOtives.---Tiirbmes — Gas Sngmes. — Oil Engines — ^Apkbndioes ^Indbx 
** *Ph« IS the beat dementazy manual, and is indispensable ” — SteamiJ ip 


Tenth Edition, Thoroughly Revised and Enlarged Pp i-xix + 462 Ss 6d 
AN ELEMENTARY MANUAL OP 

EflCECiaClAWriCJS* 

Specially ananged to suit those preparing for the Institute of Civil Engineers , 
Royal Institute of British Architects, City and Guilds of London 
Institute, Bntish and Colonial Boards of Education, and all kmds 
of First-Year Engmeenng Students 

ABBiDGBD CONTENTS— Force— Matter — Scale and Vector Quantities —"Work, Units 
of Work — ^Moment of a Force, Couples, etc , etc — ^Practical Applications of the Lever, 
Balance, etc, etc— The Principle of Work, Work Lost, Useful Work — ^Pullejs, Blocks, 
etc, etc — ^Wheel and Compound Axle — Graphic Demonstration of Three Forces m 
Equilibrium —Cranes —Inclined Planes — ^Friction —Bearings —Dnving Belts — ^Wmch 
or Crab— Jib Cranes — Screws Spiral, Helix etc — ^Whitworth Standard — ^Backlash m 
Wheel and Screw Gearmgs — Endless Screw and Worm Wheel, etc — Screw-Cuttmg Lathe 
— ^Hydraulics — ^Hydraulic Machmes — Motion and Velocity — ^Energy — ^Propdriiies of 
Matenals — Stresses m Chains, Shafts, etc , etc — ^Universal Jomts, Sun and Planet Wheels 
— ^Reversing Motions — ^Measunng Tools — Limit Gauges — ^APPEimiOES — ^iNDBZ 

^ Ho better book on the subject has hitherto been publi^ed ** — Railmy Offmal 
Gazette 

Eighth Edition, Thoroughly Revised and Enlarged Pp i-xv + 398 3s 6d 
A PRACTICAL ELEMENTARY MANUAL OP 

EMKUOErErrXSEOC jBL»ri> 

Spe<naILy aEianged for the use of Science Teachers and Students m Great 
Britain and the Colonies, and for other Electrical Students 

Abbidged Contests — ^M^ets, Natural, Permanent — ^Methods of making Mi^ets 
— ^Lmes of Force — ^Molecular l^eory of Monetisation — Induction — ^Xhe Earth 
as a Magnet — ^Bfmners* Compass — ^Units of Measurement — ^Electrical Units — Electro- 
Magnetism. — ^Magnetic Fidd due to a Gnrxemt. — Solenoid — Galvanometers — ^Polaniy 
due to Corrent — Magnetisation by Electric Current — ^Electro-dynamics — ^Electro- 
magnetic Indnction —Ohm's Law — ^Primary Battenes — Conductors and Besistance — 
Polansation of a GeT — ^Electrolysis — Static Eleotrici^ — Positive and Negative Elecbi- 
ftcation — Conductors and Insulators — ^luduction — Charges on a Surface — ^Frictional 
MBchines.- PotentiaL — Condensers — ^Leyden Jar — Gold Leaf Electroscope — Volt- 
meters.— ArPBStDiOBS -Index 

IBNDON : CHARLES ffiUFPlN & C0« LTD., EXETER STREET, STRAND.' 
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BNOIirSEBINO AND MEOSANIO& 


By ANDREW JAMIESON, M.IiistCE., M.]instE.E. 


I& Fito Volumes Lai^ Crown 8to Sadh quite oom^tejp 
end sold sqwzately 

A TEXT-BOOK OF 

APPLIED MECHANICS 

AND MEOHANICAL ENaiNEERIMS. 


iilpecially arranged for the use of Engineers qualifyizig for the Institiite 
of Civil Engineers^ the Diplomas and Degrees of Taehnieal OdlegeB 
and Universities, Advanced Science OertiBcates of Bntiah and Oolomal 
Boards of Education, and Honours Gertificates of the City «rtd Guilds' 
of London Institute, m Mechanical Engmeenng, and for ^gmeers 
generally 


YoLUSca I Nikte Ebixiok, Bevised and Ihilarged Pp i-xvm + 400 <fe. 

JSLPPJLlXSD KJBCSLBJtrXCS. 

OovTBsra — ^Deftoitions of Hatter and Work. — ^Diagrams of Work — Moments and 
Oowles.— Pimexple of Work appbed to Machmes-^Finc^a of Pkme Sorfaces — Fnetion 
of C^indxusal Smfaoes and Stupa.— Wo^ absorbed by Fnclion in Beaimgs, etc — Fnction 
naefiiUj apphed Clntchea, jBzakes» and ]> 7 nasiozQetezs.— Inclined Plane and Screfws. 
— Telocity and Aeoelecaticm —Motion and BdcEsy — 'Eaergy of Botation and CBntnfagal 
Forre. — AprsiroiaBS — Indbx. 

** Indupenaable to alt stod^ts of engmeanny **~-~SUama3a^ 



SIRAKD. 
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CHARLES GRIFFIN <L 00 ’S PUBLICATIONS 


WORKS ON ELECTRICAL ENGINEERING, 
TELEGRAPHY, ETC. 


CENTRAL ELECTTRICAL STATIONS: Their Design, Organisation, and 
filanagenient By Charles H Wordinoham, AKO, MlnstCE, 
I Meeh E Second Edition, Revised In large 8vo Cloth Pro- 
fusely Illustrated 24s net 

ELEGTRICrry meters. By Henry Q Solomon, AM Inst EE In 
large Crown 8vo Handaome Cloth With 334 pages and 307 Ulus- 
trations 16s net 


TRANSFORMERS By Prof Hermann Bohle, M I E E , and Piof D.. 
Robertson, BSc, of Bristol In large 8vo Profusely Illustrated. 
21s net 

EUBKDRICAL PHOTOMETRY AND ILLUMmA By Prof Hermann 
Bohle, M I E E In Large 8vo Cloth Fully Illustrated 
10b 6d net 

ELECTRIC CRANE CONSTRUCTION By Claude W Hill, A M Inst C E , 
M I E E In Medium 8vo Fully Illustrated 26s net 

TELEGRAPH SYSTEMS AND OTHER NOTES By Arthur Crotch, of 
the Engmeer m Chiefs' Department, GPO In Large Crown 8vo 
Cloth Illustrated 5s net 

WIRELESS TELEGRAPHY By Gustav Eiohhorn, Ph D In Laige 8vo. 
Profusely Illustrated 8s 6d net 

ELECTRICITY IN MINING. By Siemens Brothers Dynamo Works, Ltd 
In Crown Quarto Cloth 10s 6d net 

PRAOHOT IK COLLIERIES By D Btons, M E . M Iruit. 
ME (^wnSvo EoTraTHEDmoN, Re-need Cloth With Numeroue. 
Illustrations At Preas 


ELECimc SMELTING AND REFINIHG. By Dr W Boeoehes and W 
G McMn^, E 1 0 Sbooitd Enmoir, Revised and Enlarged nin.! 
trated 21s nest 


OH ULECTROMOT^URGY. By W G EIC, 

^ W R^oebb, M a , B So TniEDEDmoN, Re-need and Enlarged. 

ELECimC^ TOBORY AND THE PROBLEM OF THE UNIVERSE. Bt 

G W de TuMfZHUiAisrer, B So In Large 8vo aoth 16 b net 

MAGNETISM AND EJ^O^CITY (An Elementary Manual of) By Prof. 
A Jaudesoe; M Inst 0 E , M I E E Eioeth EnnioK 3e 8d 

0 E^and Prof jAaoBsoH, MlnstOB.MIEE NraireHinsrra EDmosI 


.tamm : oiaries qroppin & co., ltd., bxbier street, strand, 



NAD TIG AL WORKS. 




GRIFFIN^S NAUTICAL SERIES, 

**'♦* For further information regarding Qiese Volumes consult Index 

A MANUAL OF ELEUENTART SEAMANSHIP. By T> Wilsok-Babesb 
Sixth Edition, Revised and Enlarged Profnsefy Illustrated Fnce 
6s 

NAVIGATION, PBACmCAL AND THEOREnCAL By D. Wilson- 
Babxisb and Wujuam Alltsqbjca Thibb EBmoN, Revised Fully 
Uhistrated Price da 6d 

MARlNEMETEOROLOG7,for OtSeeafso! iheMerebantNavy. ByWiLUAu 
Allihohah Very fully Illustrated Pnce 7s 6d 

PRAOnCAL MECHANICS, Applied to tba RoQuremenis of the Sailor. 
By Thos Maoxexzxe Third Iditiok, Revised Pnce 3s 6d 

A MANUAL OF TRIGONOMETRY. By Richabd 0 Bugs Fottbxb 
Editioh, Revised and Corrected Fully Ulostrated Pnce 3b 6d 

A MANUAL OF ALGEBRA. By Richabd G Buck Second Edpcion. 
Pnce 36 6d. 

LATITUDE AND LONGITUDE ; How to Find them. By W J Mhjulb* 
C E Second Edition, Revised Pnce 28 

LEGAL DUTIES OF SBIPMASTEBS. By Benedict W Ginsbubo Thibd 
Edition Very Thoroughlv Revised Pnce 5b 

A MEDICAL AND SURGICAL HELP. For Shhmsters and Ofbeers in Gie 
Royal Navy. By W Johitson Smith Fodbth Edition Revised 
by Abnold Chaplin (of the P A O S N Coy ) Pnce 5b net 


OTHER WORKS OF INTEREST TO SAILORS. 

NOTES ON THE PRACTICAL DUTIES OF SHIPMASTERS. By Oapt 
W Habby Whbes Pnce 2s 6d net 

DEFINITIONS IN NAVIGATION AND NAUTIOAL ASTRONOMY. By 

P, Gbovns ShowsiiL Pnce 2 s 6 d net 

rafGUSH^PANfi^ AMD SPANISH-ENGLISH SEA TERMS AND PHRASH8L 
ByFleet-PaymaBterGBAHAM-HEWLETT Pocket Size Price 36 6d.nM. 

HYDROGRAPHIC SURVEYING. By Commander S HBBBmL WRh 
Coloured Plates and Numerous other UlastratsoDS Ptiee 126 net 

THE PREVENTION AND TREATHDENT OF DSSEASE IN THE TEOPIOS. 

By E S Crispin, M R CB Zn doth Price Is net 


LONDON : CHARLES QRIFFIN & CO., LTD.^ EXED^ STREET, STRAND. 
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GHABLE8 QBIFFIN <fe GO’S PUBLIGATIONS 


MINING AND GEOLOGICAL WOBKS. 

For furihet particulars of these VtAumes, refer to Index 

On and Stoae wmmg Fosxeb .A 2 in> Cox, Net 28s Od 

TBUmmifa of UBiimg Slid Qnaxrjiiig. Fostbb and Cox, Net 7s 6d 

Mefbods of Air Analysis J S Haddanb, Net 5s Od 

The Air of Gadman and Haddanb, At Press 

Text Book of Coal-HIning H W Hdohbs, Net 24s Od 

Ptaetleal Coaf-lliiuns* Kesbb, Net 12s 6d 

TaMnfliitai 7 Coal-Illming. 6 L Enbb, 3s 6d 

Ttes^ on wnne Sorv^mg. B H Bbodoh, Net 6s Od 

nffewtit of Errors in Snrreymg. H Bbiqos Net 6s Od 

Tkeodolite Snrveymg and Leveling J Babk, Net 7s id 

Mtnihg Geology Prof Jas Pabx, Net 6s Od 

Text-Book of Geology Prof Jas Pabk, Net 16s Od 

srins Vahudion M H Bdbnbau, Net lOs 6d 

Mining Law of Bntisb Empire. C Ajlbobd, Net 8s 6d 

Ume Aeeounts and Book-Keeping J G Lawn, lOs 6d 

Mining Engineers’ Report Book £ B Fibid, 3s 6d 

Spanish English and English-Spanish Mining Terms E Halse, Net lOs 6d 
Frospeeting for Minerals Prof S K Cox, 6s Od 

IDnondogy of Rarer Metals Cahbn and Woosi;on, Net 6s Od 

Shaft Sinking m Biffienlt Cases J Bzdubr, Net lOs 6d 

Blastmg * and Use of Explostres. 0 Gdttuann, lOs 6d 

Testmg Explosives (New Methods) C E Biohel, Net 6s Od 

Eleetiieal Praefice m CoMeiles. Prof Bxtbns, At Press 

Eleetrieity In Mining Sibunns Bbos , Net 10s 6d 

Cyanldmg Gold and SHvm Ores. Jtn,UN and Smabt, Net 21s Od 

Qyaidde Ptoeess of Gold Extraeticm. Prof J Fabe, Net 8s 6d 

Gelfing Gold. J 0 F Johnson, 3s 6d 

GoU SeeilDg in SonGi Amenea. Thno Kassnxb, 46 6d 

IKbOogn^ of MEnnal WealOi and Geology of China. C Wano, Net 3s Od. 
Samiding and Assioing of Predons Metals. E A Smith, Net 16 b Od. 
Stratigriqihleal Geology and Palaeontology Ethbbidob, 34s Od 

A TextrBook of Geology. Prof J Pabk, Net 16 b Od. 

Geology for Engmeers. Lieoit -Col Sobsbib, Net 10 b 6d 

Aids in Praehcal Geology. Prof G Codb, lOs 6d. 

Open Anr Geology Prof G Conn, 8s 6d 

The Earth : Its Genesis and Evointlon. A Swainb, Net 7s 6d. 


iONDON CHARLES GRIFFIN & CO , LTD , BXBTBR STREET, STRAND. 


MINING PUBLICATIONS 
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OHABLES ORIFFIN Je GO 'S PUBLICATIONS. 


WORKS ON COAL-IWINING. 

PuiH Edikon, Re-naed and Greatly Enlarged Pp ivii-r563 
With 4 Plates and 690 Illustrations Price 24s net 

A TEXT-BOOK OF COAL-MINING ; 

FOR THE USE OF COLLIERY MANAGERS AND OTHERS 
ENGAGED IN COAL-MINING 

Bi HERBERT WILLIAM HUGHES, EGS, 

Assoc Boyal School of Nines, General Hanaffer of Sand well Park Gollieiy 

fi-imimAi-. OONTBSTS —Geology —Search for Coal —Breaking Ground — 
Sinking — Prehminajy Operations — Methods of Working — Haulage — 
Winding —Pumping —Ventilation —Lighting —Works at Surface —Pre- 
paration of Coal for Market — iNTxaix. 

“ Qinte THE MS® BOOK of its kind as pbaotical in aim as a book eaa be 7 he 

Ulnstxibons aresKCBLUBitT -—AiheiiumJiu 

We cordially recommend the work " — OoUitry Gwirdtan 
** Will soon come to be regarded aa the btakoaed wobx of its kind * -Bit m%ngham Dasly Gouutte 


PxKCH Bdecion, Thoroughly Revised and Greatly Enlarged Re-set 
throughout Large Crown 8vo Handsome Cloth Pp i-xi+778 
With 755 Illustrations 12s 6d net 

PRACTICAL. COAL-MINING s 

A wAU TT AT. for managers, XJNDER-MANAGBRS, 
OOLUERT ENGtNEBRS, AND OTHERS 

WUk WwheA-ouJt Problems on Haulage, Pwnpuig, Fi!nI»ia<»on, <fcc 

Bt GEORGE L. KERR, ME, MTnstME 

€SoNT!Eirrs — Sources and Nature of Coal — Search for Coal — Sinking — ^Explosives — 
Hedianical Wedges, Bock Dnlls — Coal Cutting by Machinery -Transmission of Power 
— Modes of Working— Tunhermg Boadways — Wmdmg Coal — ^Haulage — ^Pumping — 
Yentilation — Safety lamps — ^Eescne Apparatus — Surface Arrangements, Coal Cleaning, 
etc.— Surveying, Levelhng, and Plans — Indbx 

* An BBSKHTiAUT PBACiiCAL WORK, and can be confidently recommended No department 
ef Oeal-JGningbubmOT6rl(>ok^'*-->jiAifl«»eer< Qiusette 


Third Edition, Revised In Crown 8vo Handsome Cloth 
Pp i-vii+225 3s 6d 

ELEMENTARY COAL-MINING s 

for the TTSE of STTJDBNiTS, MINEIRS, AND OTHERS 
PREPARma FOR EXAMINATIONS 

By GEORGE L KERR, M E , M Inst \I E 

Contents — Sources and Nature of Coal — Exploration and Bonng for 
Coal — Breaking Ground — Explosive Blasting, &c — Sinking and Fitting 
of Shafts — Modes of Working — Timbering Boaduays — Winding ana 
Drawing — Haulage —Pumping and Drainage. — ^Ventilation — Cleaning and 
Sorting Coal — Surveying, &c 

“An abundance of mformatioa conveyed in a popular and attractive form Will be 

of great use to all who are in any way interested in coal mining — dcottwA Ontte 


LONDON : CHARLES ORIFFIN & CO , LTD , EXETER STREET, STRAND, 
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Thirteenth Edition, Revised Pp 1 xm + 372 With 
Nomeroos Diagrazns Cloth 6s net 

A TREATISE ON MINE-SURVEYING 

For the uae of Uanagere of Mines cmd OolU&rtee^ Students 
at the Royal School of Mines, do 
Bv BENNETT H BROUGH, AssocRSM, FGS 

CkiHTENTS — Gcneial Explanations — ^Heasniement of Distances — Dial — 
Variation of the Magnetic Needle — ^Surveying with the Magnetic Needle in the Presence 
of Iron. — Surveying with the Pized Needle — ^Tbe Gk^rman Dial — ^The Theodolite — 
Trayexsing Dndeigxoand — Snifaoe-Surveys with the Theodolite — Plotting the Survey 
— Calcolation of Areas — ^Levelling — Connection of the Undergronnd and Snzface-SnrveyB 
— Measuring Distances by Telescope — Settmg-ont — ^Mme-Snryeying Prohlems — fiCme 
Flans — Applications of the M^etic Needle m Mining —Fbotograpbic Surveying-^ 
Bibliography —Index 

Its OLBARNBSS of STYLE LUCIDITY oi DESCKlPTZOy aXMl PULHBSS Of DETAIL bSTC loffi *£» irOB 
for It a place vnjqne m the litetatnie of this braoeb of ouning eagmeeniig and the present eaSbon ftiBy 
auintams the h^h standard of itsiaredecessers To die student, and to the ntcung en gine er alike ITS 
value is inestnnable The iQnstzatiaiis are excdlent —The Msnxtig yeurmd 


In Handsome Cloth Pp i xi + 179 Fully Hlnstrated os net 

THE EFFECTS OF 

ERRORS IR SURVRiriRO. 

Bt henry BRICGS, MSc 

Contents — I ntroduction — ^Analysis of Bzror — ^The Best Shi^ of T^nanglea — 
Fropa^ion of Erzor in Trayeising — ^Application of the Methods of (HtezmmiQg Avwaga 
Ertor to certain Problems in Traversing —Propagation of Ettot in Mmor TrumgpiatioiL— 
Snnmiaiy of Besolts — ^Appendix —Index, 

‘*Xake]y to be of the highest service to snneyors it is a most able 

treatise — hiigtneer 


Second Ediiton In Crown Svo Pp i xu + 320 Handsome Cloth 
Fully lUnstrated 7 s 6d net 

A handbook: OB 

THEODOLITE SDREYIO AND LEYELLIN6. 

For the use of Students m Land and Mine Surveying 
By Professor J AMES PABE!y P G S. 

OoNTESXB — Scope and Object of Sttrveytng — Theodolite — Gbains and Steel Bands — 
Ohetades to Alignment — Mendian and Bei^ingB — ^Theodolite Traverse — Go-ordmates 
<jf a of Omitted or Ocmneeting Line in a Traverse — Calc nl a ta on of 

AreM — Sohdivisuni of Tjtnd — Trumgolation. — ^Detbmmation of Tree Uendianf lati- 
a-Tid — ^Levclliii^ — Railway Curves — Mme Surveying —Index 

**A bool: whieli should prove as useful to the professional sarvejeu as to the 
etudent NahiiTa 


Just Pobushbd In Medium Svo Fully Hlustrated. Pp. j-xi -r 

10s. Od net 

MODERN MINE VALUATION. 

Bt M HOWARD BDRNHAM, B B&, M A.I JLB , 

LateH3i £^p«etor cT 31hua Ibr tlv Xmaemd. 

Coswasra — PrdiBuuMy OoiuwJwitiOMi 

tion — Sam^boig — Etpltnufann erf Bolaag rmul InMa iSOTlt 

“ Chie of tbs tat TOhmMB <rf its kuirf fbkt «e hnra wtn ITarU 


LONDON : CHARLES ORIHROt A GO-, LTD, BXBim SIREBT, SIRAND. 




i8 OBABLES OMIFFIN is GO’S PUBLICATIONS 

s Hljetaltogix al Smjes, 

standard Works of Beference for Metallurgists, Mine- 
Owners, Assayers, Manufacturers, and all interested 
in tke development of the Metallurgioal Industries. 

BDITBD BT 

Sir W ROBERTS-AUSTEN, KCB,DCL,FRS 

/« Large Stse, Haudtame Cloth With lUsairattetu 
lor farther paiticulais refer to Index 

INTRODUCTION to the STUDY of MBTALLURQY By the Editor i8s> 
net 

GOLD (The Metallurgy of). T K Rose 21s 

LEAD (Ike Meialluigy of). H F Collins 2 is net 

SILVER (The Meianorgy of). H F Collins At Press 

IRON (The Metallurgy of). T Turner r6s net 

STEEL CThe Metalluixy of) F W HxRBORDandJ w Hall 36s net 

ALLOYS Edward F Law Second Edition At Press 

ANTIMONY. C Y Wang 12s 6d net 

SAMPLING and ASSAYING of PRECIOUS METALS. E A Smith 15s- 

aet 


OTHER METALLURGICAL WORKS. 

THE NON-FERROUS METALS W Gowland At Press 

MODERN COPPER SMELTING D M Levi ios 6 d net 

CAST IRON, in the Light of Recent Research W Hatfield ios 6d net. 

METALLIC ALLOYS G H Guliiver ics 6d net 

MICROSCOPIC ANALYSIS of METALS Osmond and Stead 8 s 6d net. 

TEXT-BOOK of ASSAYING. J J and C Beringer ios 6d 

METALLURGICAL ANALYSIS and ASSAYING Macleod and Walker. 
las 6d net 

QUANTITATIVE METALLURGICAL ANALYSIS TABLES J J Morgan. 
4s 

ELECTRICSMELTING. Borcbbrs and McMillan 21s net 
ELECTRO-METALLURGY McMillan and Cooter 12s 6d net 
INTRODUCTION to PRACTICAL METALLURGY T Turner 3s net 
ELEMENTARY METALLURGY A H Sexton 6s 
GENERAL FOUNDRY PRACTICE McWiluam and Longmuir 153 net. 
LECTURES on IRONFOUNDING. T Turner 3s 6d net 
BLAST FURNACE PRACTICE J J Morgan is 6d net 
NOTES OH FOUNDRY PRACTICE. J J Morgan 2s 6d net 

Also Works on Fetrdleuin 

LflMDfW : CHARLES GRIFFIN & CO , LTD ,*EXETER STREET, SIRAND. 
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Shcokb Edition, Revised Throughout In Medium 8vo With Numerous 
Plates, Maps, and Illustiations Pp i-xxiv 4^ 460 2Is net 

CYANIDiNC GOLD & SILVER ORES. 

A Practical Ireatise on the Cyanide Process, its Application, 
Methods of Working, Design and Construction of 
Plant, and Costs 

By H FOEBES JULIAN, 

UiniDS and Hetallaigieal Engineer Speeialiot m Gold Late Technical Ad\ toer of the 
Dentache Gold und Silber flcheide Anstalt, Fraskfort-fm-HKine 

And EDGAE SMART, A M 1 0 E 

OmI and Metalltugteal Bttiineer 

GOKTENTS — ^Eariy Histoiy of the Q^ide Pxoce8a---<Pi:eliminaiy Investigations — 
OruBhmg — Weighii« and Measnnng— PercolatMHi and Lescbuff — Prlncrto involved 
m Dis&olntion and fEecipitation of Hetala — ^Difisoluticm of the wld and Silver — Tem- 
perature Effects — ^Absorption of Air by Solntions — Action of Various Qyaziide Solutions 
— Sources of Loss of Q^ide — ^Precipitation — ^Precipitation by Zmc — ^Eleoincal Pre- 
cipitation — Other :sdeilbds of Precipitation — Cieaning-up, TbmmTig, and ftTneltiugL — 
Applications of the Cyanide Process — ^Donble Treatment — ^Direct Treatment of T>ss 
Cmdied Ore — Crashing with Cyanide Solution --Slimes — ^DissoKins the Gold and Silver 
in Slimes — ^Extraction by Successive 'Washings.— Agitation and Katnial SetUament. — 
Pilter Presses — ^Vats — Essential Parts of a Cyanide Plant (Gonstmotion) — PiFhi& 
Co^, Launders, and Buildings — ^Handlmg Material — ^Bopes and Gears for Baiuage 
— ^Belt Conveyors— Pumps— SpitsMte and SpitskaatoDu — Cost of Plant.— Cost of 
Treatment — Complete Plants — Boasting — IsifBSi 

A handsome volume of 400 pages which will be a valuable book of roterenoe for at! 
associated with the process ifirung Journal 


Fifth English Edition In Large Crown 8vo With 22 Piatea and 
many Illustrations in the Tevt Handsome Cloth Pp i-xiv + S47 
Hs ^ net 


THE CTJUUDB process of gold EITMGTION. 

A Text-Book for the Use of Metaffurgiete and Btudente at 
Bohoota of Mmea^ Ac 

BY JAMES PABB:, FGS,MInstMM, 

Professor of Mmmg and Director of the Ota^ Dnivemty School of ICmes , late Dlrwior 
Thames School of Hines, and Geological Surveyor and Minuig Geologist 
to the Government of New Zealand 


Thoionghly Revised and Greatly Enlarged With additional details 
concerning the Siemens Halske and other recent processes 
COBTxms — ^The McAithur-Poxrest Process — Chemistry of the Proeess.— Lahenatory 

fx4 OriLfirf vrvntt __ A rmliSTtAAB <ltuY Ptunf. ftW 


Expenments — Gwtiplt Test- 
Cyanide Extaacbion — Actual 


(15 Of Solutiona — ^Appliances and Plant for 
Qyanida — Production and Treatment of 


fiiimflg — Cyanide Treatment of Concentrates — ^Leachmg by Agitation.— Zinc Prempi- 
tation and Treatmmt of Gold fflimcs^Application of the Process m Differ^ OmoM — 
The Siemens-Hal^ Process — Other CJyamde Processes — ^Antidotes tor Qyamae Pononr 
xng.— I ndex. ^ 

“Deserves to heralded as amongst the BEST 07BXESVmGTaMA!i!iBlB Jf^nsayi/ociwisif* 


In Crown 8vo Handsome doth i-vn -f 65 wh 

A BIBLIOGRAPHY OF THE 

HINEBAL WEALTH AHD GBOL06Y OF CHWA, 


Y WANG.M A,BSo,M AmInstMmuE!ng,,M.XH»*BbBelIa«t. 

OOKEDEXS — HDmaALS (uudiidiiig Mguag a^ iiBtelinsgg^<— GasL— pid 
Stiver — m General — Mining InauBter m 
Petoliogy — PalaontoiogF 


LONDON : CHARLES ORIEVW * CO., LH), EXBIER SERHBT, STRAND. 
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OH ARLES QRIFFIN A CO *8 FUBLKJATWJSTS 


GBIFS'IN’S METAJULITRaiOAXi SEBISS. 


FoimTH Edition, Thoroughly Revised Throughout With 51 Folding 
Plates, Comprising 112 Figures, over 500 Illustrations in the Text, 
and nearly 80 Photo-Micrographs of Steel Sections Large 8vo 
Two Volumes In all 1000 pages Handsome Cloth 36s net 

With Additional Chapter on The Electric Smelting of Steel 

THE METALLURGY OF STEEL. 

Bt F. W HAEBOED, AssocESM, F.IC, 

Asd J W HALLi, a M Inst O E 
Vol I.— MetaUttPsy 
Vol. II.— Mechanical Treatment 

B — These Volumes are not Sold Sepatat^y ) 

Abbtdobd Contents —The Plant Machinery, Methods and Chemistiy of the Bessexnei 
and of the Open Hearth Processes (Acid and Basic) —The influence of Metalloids, Heat 
Treatment, Bpecial Steels, Microstiucture, Testing, and Speciflcations —The Mechanical 
Treatment of Steel comprising Mill Practice, Plant and Machineiy 

The Atffttieersaja at the conclusion of a roTiew of this book —“We cannot conclude vithout 
^arneeflr reooxnmandmg all who may he interested as makers or users of ste^ which practically 
mease toe whole of the eaginemtng profeenon, to make themselves acquainted with it as epeedily 
as poenble, and this may be the more easily done as the published price, considering the site 
of the book, le ertremely moderate 


Thibd Edition, Revised and Enlarged Pp ixvi+463 With 
120 Illustrations 16s net 

THE METALLURGY OF IRON. 

By THOMAS TTJRNEB AssocESM, FIO, 

Frofenor of Metallurgy %n the Umveitiiy of Bimvingham 
04Mral CwKtmu — Baorly History of Iron —Modem History of Iron —The Age of Steel 
— Chief Iron Oree —Preparation of Iron Ores —The Blast Furnace — Ihe Air need m the 
Blast Furnace.— Beaotions of the Blast Furnace —The Gaseous Products of the Blast 
Furnace— The Fuel used in the Blast Furnace - Slags and Fuxes of Iron Smelting — 
Properties of Oast Iron, — Foundry Praonoe — Wrought Iron —Indirect Production of 
Wrought Iron.— The Puddling Prooese —Further Treatment of Wrought lion - Corrosion 
of Iron and Steel 

'‘A TROBOUOBI.T UBBTUii BOOK, which himgs the subject up to date. Op 
obbat tadux to those engaged in the iron mdnst^ " — Mining Jiyamal 

***For Professor Turner's Lectures on LonrFoundvngf^ &c , see page 67 
General Catalogue 

In Medium 8 VO Handsome Cloth With 166 Illustrations 15& net 

The Sampling & Assay of the Precious Metals : 

Comprising Gold, Sllvsr and Plalinuni, In Orst, Bullion and Products 

n... ERNBhT A SMITH, A R S M , Ml Inst M M! , 

Deputy Assay Master of the Sheflield Assay Office , Late of the Royal School of Mines 

and Equipment of Assay Offices —Furnaces and 
Metal Ores —Valuation of Ores —Sampling of Ores — Pieparation 
Fluxing —Assay Operations— (a) Roast 
SS * (0 Soonfioation , (d) CupeMion -Systems of Woiking — A«y of Gold 

7"^^ Comnlex Oies — Calcul^mg and Reporting Results —Special 
^ ® —Bullion —Valuation of Bullion —Sampling of Bullion —Assay 

Aigentiferous Prodnots —Assay 
“Platmum Metals "—Assay of Platinum 
in ures. Bullion and Products —Appendices —Index 

TfMnjS°^^n should he added to the Mming Engineer’s Library ” — 


: CHARLES QRIFFIN & CO , LTD , EXETER STREET, STRAND 
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In Mtdram S\o Handsome Cloth Pp ixu+260 With 19 Plates (3 Colouied), 
and 60 othei Illustrations 10s 6d net 

LECTURES ON 

COPPCIR SNOSX^TIVfCr 

By DONALD M LEVY, M So A R S M , 

Assistant Lecturer m Metallurgy UmYersity of Birmingham 
Abbidgsd Ck>2i!CE2{TS — Histoncal --Ptioe and Cost of Production and Statistics. — 
Uses 01 Copper as Metal and Alloy —Bfifetst of Iinpunties — Oompounds — Ores. — ^Pre* 
limmary Treatment— Sampluw — Conoentnatma— -Pimciides of Copper Smdtmg — 
Sinten^ — ^Beyerbeiatoiy Szneltii« Practice — ^Blast Fuioaoe Practice. — ^Beasemaniing, 
of Copper ilattes — Punfloatxon and B^ing ci Grade Copper — Ossting — Ivdbx 

'* A welooine addition to existing literatuze on the subject C&cmtatZ Trade Journals 


In Medium &\o Handsome Cloth Pp i-xm -f 2i9L llVitli FrontLEfpiece and 164 
Illustrations, mclndmg many Photo-Micrographs lOs 6d uef 

CJLSrr IROINT 

IN THE LIGHT OF RECENT RESEARCH. 

By W H HATFIELD, B Met., A M I Mech E 

CoKTESTB— liRCBOBncrEioK — ^Tbo Non-Gatt)on AUoys and Oast Izoii from the Stand* 
point of the Bqmlihmxm 2>iamam— Influence oi Silicaon — Of Pbosidioras — Of Sulphur 
— Of Manganese — Of Other Mements — Of Pasting ThmpeEature — Shnnkage and Oon* 
tiactioiu — Growth of Cast Iron under Bepeated Heating —Effect of Supeilmted Steam* 
upon Cast-iron Fittu^ — ^Malleable Cast Zion— Heat Treatoient of Oast lion. — ^De- 
carhunsation of Oast jjom without further Fusion. — Mechanical Properties of Chst said. 
Malleable Cast Iron.— Fornaces and Slags — APPsanDlOBS — DrOBS 

"A valuable addition to GniSn’s noted metalloigical pubheaffona.**— Ffsii^ 
Atagcaine 


Seoonb Edition Lq Crown 8vo. Handsome Cloth. Pp xxvw+409 
Thoiottghly Bevised and very greatly Ekilarged With many Hew,, 
and in all 310 Illustrations 1(^ 6d net 

A HANDBOOK ON 

KBOGALiLiIC ADDOYS: 

Their Straetore and Constitation. 

By gilbert H GULLIVEB^ BSa, FKSE 

CoiSTBSiTS. — M^hods of Investigation. — The PhysicoCbemMsI Bgailibcmm cd 
Mixed SobstaiKas.— Binary AUoya m raoh no Deflmte Cbeuucal Oonmoimds are formed 
—Do which show Bvidmee of w Ftagmatioa of Deflmte C he m i ca l Cbn^oimds.— Trans- 
lozmations Jn Oompletefy Sohd Metals — ^AQm — ^Ecruilibnum Oonditions m M e^afflo - 
Matures-' .e Stractures of Metals and AEoyB— The Bronaes, Bias^ and 
ADoys of Sc^^pear — St^ and other Alloys of Ixoxl— Alloys of more than Two Metals — 
The Muxusoope m BSogmeernig Pzactiee — INnsx. 

" T***» hook offers most eKhsostive lubumation, and is profusely illnstsated ** — MeUU 
XiAwdry 


iSECOKD Edition, Thorou^y Revised Pp i-xmi+ 3I3 With 19S 
Photo^Micrographs, Diagrams, and Figures 8s 6<L net 

THE MICROSCOPIC ANALYSIS OF MBTALA 

B\ FLOBIS OSMOND asd J E. STEAD, D.lte, FB.S 

RITVTSSD A2n> OOBBBCTTED BY L. B. ^JSifDKES. 


Cosxasss — PiiKT I. MeMlngia i^ WMi toed m b ^*1 ?**^ 

The Science of Polidiing— PiJa? HL The MiccosoopiO AttHrws «W)0(a — 

AlPBETDIGaS— IHDBX 


LONDON . CHARLES GRIFFIN & CO., LTD-r 8 XB 1 ® SIBBET, STERAND.. 
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CHARLES GRIFFIN AND CO ^8 PUBLICATIONS 


In Large 8 VO Cloth Fp i-xxiu+271 With 147 Illustrations 

15s net 

A MAinJAL OP 

THE PRINCIPLES OF SEWAGE TREATMENT. 

Bt Prof DUNBAR, 

Director of the Institute of State Hygiene, Hambmg 

English Edition by HARRY T CALVERT, M Sc , Ph D , F I C , 
Chief Ohemical Assistant, West Hiding of Yoi^hiie Bivers Board 

A nniPflED COSTBNTS — HlSTORICAI. DBVBLOPMENT 01 THE SEWAGE PROBLEM — Growth 
of Biver Pollution — ^Legal Measures of Central and Local Authorities — B.iso and Develop- 
ment of Methods of Sewage Treatment — ^Earlier Views, then Object and Utility Pbesej^ 
PosmoN OF Sewage Treatment — The CRiaracteristics of Sewage — Objects of Pre- 
cipitation Works — ^Description for the Bexnoval of Suspended Matters — ^Methods for the 
Bemoval of Putrescihility — ^The Disinfection of Sewage — Supervision and Inspection 
of Sewage Disposal Works — ^The Utility 'ind Cost of the various Methods of Sewage 
Treatment — ^Inpes 

“We heartily commend the book ns a peculiaily fan and impaitial statement of the 
present position the sewage pioblem **-~Laneet 


In Medium 8vo Cloth Pp i-xiii + 356 With Tables, Illustrations 
in the Text, and ^6 Plates 21s net 

MODERN METHODS OF 

SSWJLOS I^XJMFICATION. 

A Guide for fhe Designing and Maintenance of Sewage Punflcation Works 
Bv G BERTRAM KERSHAW, PRSI,FRMS,FGS,&c, 

Engineer to the Boyal Commission on Sewage Disposal 

Contents — Introduction — Historical — Conservancy Methods, Ac — Sewerage 
Systems— Bainfall, Storm Water — Variations m Plow of Sewage — Classification and 
Composition of Sewages— Considerations to bo obseived in sUectmg the Site for Sewage 
Disposal Works— Prdiminaiy Processes — Dis^sal of Sludge— 5iand Treatment of 
Se^e— Contact Beds— Percolating Filters —Trades* Wastes —MxscoUaneons -Pre- 
oipittaion Works in Actual Operation — ^I nbex 

“A laige and compiehensive woik leplete with mfoimaiiou Journal 

Royal Samtaty Institute 


In Handsome Cloth Pp i xiii-i 256 With 59 lllustratioxiB 6b net. 

SMOKE KBKT’EMENrr. 

A Manual for the (fee of Manufaobirera, Inapectore, Medical Offloera of 
Health, Engmeera, and Others 

By william NICHOLSON, 

Chief Smoke Inspector to the Sheffield Coiporation 

CtoNTEN'TS— Iniroducbion.— L^islationx(^^^ (Local) —Foreign Laws— • 

Smoke Abatement —Boilers, Fnmaces and Hilns — Dwolling-houso &noke — BSmineys — 
Smoke Prc\ enters and Fuel Savers — W asto Gases from MetsdluigiGal Furnaces —Index,. 

“ We i^elcome such an adequate statement on an important subject *—0ntv«A 

MedteaZ J oumal 

See also— 

THE MAIST DBAUTAGB OF TOWNS, page 6. 

AND MODERN DESTRUCTOR PRACTICE, „ 6. 

LONDON : CHARLES GRIFFIN & CO , LTD , EXETER STREET, STRAND. 



CHEMISTRY AND TECHNOLOGY 


25 


Second EomoN /n Loergt Seo Handsome Cloth Beavi\fuUy 
Hlrtstrated With Plates and Figures »» the Text Sis net 

SOiD liKIRe iRD lAIRTEHiHCE: 

A Practical Treatise for Engineers, Surveyors, and Others 

Br THOS AITKEN, M IhstOE, 

Uember of the Assodiition of HnniciDal and Oonnty filngineers. Member of the Sanitary 
Inst, Surveyor to the Oonnty Oonneil of Fife Oiqpar Divmon 

WJTH NUMEROUS PLATES, DIAGRAMS, AND ILLUSTRATIONS 

Gontbnts —H istorical Sketch —Be&istaiice of Iractiou —Laying out Hew BoadsL- 
Barthworks, Drainage, and Betaiuing TValls — Boad Materials, or Metal — Qnanynig 
— Stone Breaking and Haulage —Boad Bolling and ScanQring —The Construction of 
Hew, and the Maintenance of existing Boads -damage Ways and £oot Wais 

**The Literary style la xxcBLLm A oomprxhbusitx and szcuLBirr Modem Book, au 

OF-TO-naTS work. Should be on the referenee shelf of every Municipal and County 

Bngmeer or burveyor m the United Kingdom, snd of every Coloidal Bigineer ’^—Tke Swrvewor 


In Hcmdsome doth Ftdly Hlvstmted lOa 6e2 neta 

l^USm^iSSS ROJSLl^S. 

TAR MACADAM. 

Bt j walker smith, 

City Engineer, Edinburgh 

CoXTXsn — Keeesaitj for lmproi>ed and Standard Busd ConstmctUHii —Tar — StaDdardisatuiii 
of Matrix —Aggregate for Macadam —Different Modes of Prepanng and Laying —MecAaiiiesl 
M izmg — ElTecta of Wear, Density, Porocoty, Distnbutiott of Weiicbt — SeavengiBK Wateniifr and 
Maintenance — Gambor Sradieiit, HoiselessBesa Hygienic Advsoitages —Bolling — Traetive 
Effort — Statiskica —Tar Spraying on Ordinary Ma4sad im Surfaces — Appxxdichs — fxnxx 

“The book IB in eveiT respect up to-date and very suggestive* It is practical m 
the best sense of the term Cotcnfy and Munmpal Becord 


In Crown Svo doth Pp. 1 xi + U7 With 25 lllustxatioiis, Culumed Map, and a 
Chart 48. Gd net 

MODERN ROAD CONSTRUCTION. 

A Prsefieal T^ea&a for the Use of En^neas, Students^ 

HemibeES of I<oeal AHtborities, && 

By FRANCIS WOOD, M Inst OR, F G S. 

Ck)]!nEBN3S — Introductory — ^Macadam Boads — ^Wear of Beads*— Hflhet of Tntffllc <m 
jEtoads — ^Tarred Boads —Bitumen — ^Methods of Using Tar ami BttnMB — ^IBottcgs and 
Bolling — Paving — Cost of Maintenance of Boads. — ArrandOM — I bbbx. 

* A little volume that should find its place on the shelf of every road aiul highmy 
aniveyor and engineer m the Local Government woifA **' — MvnMnpal Jbitrnaf 


LONDON ; CHARLES CRIFPIN & CO, LTD, EXETER SIREET. STRAND. , 
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TECHNO LOGICAL WORKS. 

Cbeittistry for Engineers and Manufaefurers By B Bioxtkt^ F I C , and A a BLozi.ic» 
B I C Vol I — Sboond EDmoN, 14s Vol 11 — Sboowd Edehoh, ids 
Oils, Fats, Butters, and Waxes By Axdeb Wright and Mitoheui Sboohd BDmoir^ 
25s net 

Physico-Chemical Tables By J* Castfli-Evans E 1 G Vol I — Chemical Engineering, 
24s net Vol H— Physical and Analytical Chemistry, 36s net 

Quanhtabve Inorganic Analysis By Er 7 W Melior 30s net 
Water Analysis for San and Tech Purposes ByH B Stocks 4s 6s net 
Mofhods of Air Analysis By J S Halpane K E , LL D PBS 5s net 
The Principles and Praetice of Brewing By Br W J Sykps Third Edition, EensedF 
hy A B IiNG, PIC 21s net 

Technical Mycology Dr P Lafar Second Edition In Two Vols Vol 1 , iSs net 
Vol II,24s net 

Mwro-Organisms and Fermentation By Alfred Jorgensen Pottrth Edition, Com- 
pletSy Bevised Translated by S H Davus, B Sc 15s net 
Ferments and thmr Actions By 0 Oppenheiker Translated by 0 A Mitchell, B A 
PXO In Cloth 7s 6d net 

Peal ; Its Use and Manufacture By Bjobling and Gissing 6b net 
Bommerdal Peal , Its Uses and its Possibilities By P T Gissing 6s not 
Papw Technology ByB W Sikdali, PCS Second Edition, Bevised l2s 6d net. 
Staflenery Testing By H A Bromley Pnlly niustxated 2b 6d net 
The Clayworkers* Handbook By A B Sbarlf Second Edition 6s net 
Biffish Clays, Shales, and Sands By A B Searle lUnstiated 7s 6d net 
Ueramic Uierature. Compiled, Classified, and Desenbed by M L Solon 42s net 
Art of the Goldsmith and Jeweller. ByT B Wigley Second Edition In 6d net 
Smoke Ahatoment By Wm I^ioholson With lUnstiations 6b net 
CateareoBs Cemajits By G B Bedgrave and Charles Spackvan, PCS Second^ 
Edition 15s net 

Handbook for Cement Works* Chemists By Prank B Gatehouse, P C S InHandsomo 
doth 5s net 

Gas Manufacture. By W J A BrncrERFiELD Vol 1 , 7s 6d net Vol IT Shortly 

Galonfic Power of Coal Gas By 7 H Costs, PXO 6s net 

The Examination ol Fuel By 7 H Costs and E B Andrews At 

Acetylene By F H Leeds and W J A Btjtterfebld Second Edition 8s 6d net.. 

Fire and Expiosien Risks By Dr Von Schwartz In Cloth 16s net 

Enamelling on Iron and Steel By Jinurs GrI nwald Cloth Illustrated 6b net 

Teclmoiogy of Iron Enamening and Tinning By Jcuds GrUnwald 6s net 

The Chemisiry of the Conoids By Dr V Pusohl Translated by Dr H Hodgson 
3b 6d net 

Coiraloid , Its Mannfactnrt, Amilication, and Substitutes Prom the French of Massilon, 
Bobbrts, and Gillard By Dr H H Hodgson 25s net 

Chemisby of tnifaa Rubber. By C 0 Weber, Ph D Third Impression With many 
IDnstrations 16s net 

The Manttfaciuro of RnUwr Goods By Adolf and Dr W Esch Translated by 
E W XEWiSk A C G I In doth JUnstrated lOs 6d net 

Glue, Gelatine, and thtir Allied Products By Thomas XlAMBert In Large Crown 8to 
Fully Illustrated 5s net 

Leaiber Tradtt Cfeemnii, By S B Twwmah, H A , 7 1 0 In Handsome Oloth BnHy 

Illustrated 15s net 

Ink MMu^nre. By C A MMOHmai, BA.TIO.andT C Hhpwobxh In Cflothi 
With Plates and Illustrations 7s 6d net 

Inorganic Chemistry By A Dtjpri!, and Wilson BAitia Third Edition 6s net 

Elements of Chemical Engineering By 7 Gbossmann, Ph D Second Edition Sb 64. 
net 

Outlines of Quantitative Analysis By A H Sexton, PIC Fiite Edition 8a 
Outlines of Qualitative Analysis By A H Sbzton, P LC PoTnetTH Edition Sb 6d 
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0SBMI8TBT AUD TSKJHNOLQGT. 

THE FEa EaHENTATIOM IHD USTBIES" 

Xhibd EDinoH In Handsome doth Folly lUnstrated. 21b net 

PRINCIPLES AND PRACTICE OF BREWING. 

FOR THE USE OF STUDENTS AND PRACTICAL MEN 
Bt WALTEK J SYKES 
Bevised by ARTHUR R LING, E LC , PCS, 

Editor of the Jounial of the Institute of Biewlng 
Consents — Physical Principles IntoUed — The Cheznisfzr of Brewing — The 
hucrosoope — Vegetable Biology — PennentatiOD — Water — Barley and 
Arraugement of Brewery Plant —Quantities of Materials —Fermentation — Anttei^ics 
—Finings — Charactenstica of Beer —Diseases of Beer —Index 

“ A thorough and comprehensii e text book np-to4ate a standard 

text-book * — Rreiwjs* Joiij nal 

In Large 8vo Complete m Two Volumes 
Each YoLvanc Complett in lisdj^ cmd Sold Separately 

TECHNICAL MYCOLOGY; 

The Utihsation of Micro-organiama m the Arts and Manufaotufea 
By Dr FRANZ LAFAR, 

Prof of Fermentation-Physioloer and Bactenology m the Terhnkal High Scboot. Vienna 
TBAEBLATBD bt CHARLES T C SALTER 

Vol I.-SOHIZOUCYOErnC FBRMBMTATION 16a. net 
Vol. II.-KUMYOBTIO FKRMBSNTATlONa Sis net 
Note —Part I of Vol II was issned sepaiately at 7s 6(3 Copies of Part H , 
Vol n , have, therefoie, been Isound up to enable those possessing Put I to complete 
their copies The price of Vol II , Part II , is ISs net 

“The first work of the kind whi^ can lay daim to compSeteness in tiia traatmec^t of 
a fasoxnatmg subject. The plan is admirable, the classlfieafion Rhapte, the style ts gCMM 
and the tendency of the whole volume is to (xmvej sure informstfon to the reader -> 
Lancet 

Fifth Edition In Demy 8vo Revised Throughout Pp i xi + 489 
* With 101 Illnstrations In Cloth 15s. net 

MICRO-ORGANISMS AND FERMENTATION. 


By ALFRED JORGENSEN 
Tkansiated bt SAMUEL H DAVIES, M Sc 
CONTBITES —Microscopical and Physiological Examination— Biological Rxamixiatioo 
of Air and Watei— Bacteiia— Monlda— Yeasto— The Pure Culture of leasts on a Large 
Scale — IKDBX 

“ The student taking up this subject would do well to woik through this book first 
and then take Lafar s Brewing Trade Bevmt 

In Grown 8vo, Handeome Qotli Price 78. fid net. 

FERMENTS: AND THEIR ACTIONS. 

4 Text-book on the Chemratrtf and Phyaioa of femeniatioa Ghangem^ 


By OARL OPPBNHEIMER, PhD., 1 £D. 
TKANSLiTBD BY C AINSWORTH MTTCHELU HA , F.I4X* W.aO, 


CbxiTXiraB— Introduction— of Fununt — ^ 

Influence of Extonal FaotOK on F brinent n .— Mode of — 

Secretum of Ferments. — ^germents and the Vttal jjCd Wfef W 

FBWawTO- Protertyfcte Fcraaenta— jgDjd 

tpaa YegetidJto F^niienlBL— Ooagsdaftog Fecinvdn^-Simm 

Buntaes — Bhayioes of flue Dsnedsanaes. — FeESBsntb TOcn deepiiBKiig 

Ladilo Acad FbciBeDtatlo!D.r— A TSB OxiTJUgiam F lwatifti f S "' Ale n hnHe 

Biology cf do— The Oxydam.— Anetu OzaUi^ and sftnite pEBaeBdafioWr-idlblSo^ 

a veHWWe wpana h*w rmret _ 

LOmM : CHARUBS ORDPFIN & LTBW fiXEnSR SIRBET, smWD. » 
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GBARLES QRIFFIN ds OO.^S PUBLICATIONS 


In Cloth Pp i-xxxi + 778 With 2 Colouied Plates and 206 other 
Illustrations 30s net 

A TBBATISE O W 

QUANTITATIVE INORGANIC ANALYSIS, 

With Special Referenee to the Analysis of Clays, Siheates, etc 
By J W MBLLOR, D Sc 

P AJtT I General — ^Introducfeion — ^Weighmsr — ^Measurement of Volumes — ^V Diametric 
Colorimetry and Turbidimetry —Filtration and Washing —HeatiM and 
Swing— Pulvensation and Gnndmg— Samplmg— The Reagents Par'd IT Typieal 
Gilicim Analyses— Clays — \olatile Matters — Openmg up Silicates — Determination of 
Silica — ^Kie AntTnnTnA. Precipitate — Iron —Titanium — Calcium and Magnesium — ^The 
iJFahes— Abhieviated Analysis and Analytical Errors — ^Electro-Analysis Part HI 
^1— — Gtaaee. Onlours. and Complex Silicates — ^Analvrsis of Glass, Glares, Enamels and 
Coloaa — Determination <rf Arsenic — j^timony — ^Tin — T ead — ^Blsmnth and Mercury 
— Oonn^ and CSadminm— Zinc — ^Manganese —Cohalt and Nickel Part IV Special 
Wcthoitt ittm Determination of Molybdenum —Tungsten, Columbium, and Tantalum 

Gold Seteninm — Ahummum and Beryllium — Special Methods for Non-Compounds 

— VanadiTmL tt-'nd Uzamum — ^Znconium, Thorium, and the Rare Earths — 
Banmn. Strontium, CnUftinm, and Magnesium — Alkalies and their Salts Part V Special 
Mctiwdt— Aclda and Non-Metals Carbon —Water —Boron Oxide— Phosphorus — 
Sulphur — The HalogoiB.— Rational Analysis of days — ^Appbndiobs — Inmobs 

** Win at once fa» ,lre its place in soientifl.o literature as the standard ur ork on the subject ** 
— GAemmdtf Neva 


In Demy 8vo, doth Fully Illustrated 

CLAY AND POHERY INDUSTRIE^ 

Being Vol I of the Collected Papers from the County Pottery 
Laboratory, Staffordshire 

BY SEVERAL AUTHORS 

Edited by J W MELLOE, DSo 


In Imperial 8\o Strongly and Elegantly Bound in Half Leather 
Enclosed in Case Pp i xviu -I- 660 £2 28 net 

CERAMIC LITERATURE 

Compiled, Classified, and Desoribed by M L SOLON, 

President of the English Ceramic Society 

*1. m “ ^i^ytical Index to the Works Published m all Iianguages on the History and 
the Technology of the Ceramic Ait , also to the Catalogues of Public Museums, Private 
Collecticma, and of Auction Sales m which the Desciiption of Ceramic Objects occupy 
w important place , and to the most important Puce Lists of the Ancient and Modem 
Manufactones of Potteiy and Porcelain 

^‘A work of inestimabl value to all senous study of Oeramlcs ’ — RwZtnptoro 
MagoavM 


LONDON : CHARLES QRIFFIN & CO, LTD, EXETER STREET, STRAND, 


CHEMISTRY AND TECHNOLOGY 
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In Domy 8vo Handsome Goth Pp i-vn + 171 With Many Tables 

68 net 

The Theory and Practice of 

Enamelling on Iron and Steel. 

By JULIUS GRUNWALD, 

Technical Chemist and Works’ Manager 

COKTSXTS — ^Introduction —The kiatenals — Mixing. DtssolTuig, and Apnli« 

cation of Eua.mel— Heatup and PicUing Goods in the Jtoo^ —Correct larng on — 
Baking EnameliM Wate — ^Decoration of Enamelled Objects — Photo^Ceoramica m their 
Application to Enamels — General and Statistical Chapter — IThe Histoij of iSi^smeis 
and their Uses —Index 

Combines the tbeorj and iiractice of enamelling in most efb ttire manner **— Jroii aad Bk^ 
Ttadas Journal 


In Demj 8\o Uniform with the abo\e 6 b net 

The Technology of 

Iron Enamelling and Tinning. 

By JULIUS GRUNWALD 

Translated by H H Hodgso:^ M A , B Sc , Ph I) 

Costents — The History of the Enamels and their Technology — Beopomic Signi floanoa 
of the SheefrlroTi Enamdlmg Xndnstzy — Ghemiral Tedmolo^ of the EnameUmg Indiistiy 
— ^Enamel Manufactore and the Function of Gto in the LnameL — ^Purple of Qimiiw — 
The Examination of Enamels for Cast Iron — stiffening of Enamels when mmmd 
Hoist by means of Vehicles— Heating and Pickimg of Boo^ Iron Waiea.— The PlctiiBf 
Process — Chemical CoimioBition of an Enamel — Tinning.— Tm EeooTerj — ^Danger cC 
Lead Comooimds — Tin Disease —Procedure in an Enamel Woika — ^Educatumsl Training: 
of Managers for Enamd Works —Index. 


In Medium 8vo Handsome Cloth Illustrated Pp i-xi\-t-369 25 b neU 

CELLULOID. 

ITS MANUFACTURE, APPLICATIONS, AND SUBSTITUTES. 

Translated from the French of Masselon, RoBbBirs^ and Ciuabd 

By H H HODGSON, M A (Oamb ), B Sc (Lond ), Ph D (Heidelberg) 

Contents —Composition, Origin, Properties — NitrooellnJose — Oommereial Kitrataon 
Processes —Bleaching of Cellulose — Drymg —Steeping — Staining of Cdluloid — Bollmg» 
CompiebSion —Cutting and Dressmg —Tubes —Waste —Analyses —Mechanical Tests — 
Inflammability —Precautions in Oelluloid Works —Index 


In Laige 8vo Handsome Qoth Pp i-xiv + 251 With Plates and 
IllnstiatioBS 7s 6d net 

The Manufecture of Ink. 


Handbook of ifae Production and Properties of Priiitifi& 
Wniingy and Copying Inks* 

By C A MITCHELL, BA,FIC,FCS,&T C HEPWORTH, 

Contents —IntBodncition — Carbcm and CarlxHiacecmB IhkB. ^ — Tto nfa ftw* 

Inks— Hatuxe of Inks— Manufsotuie of Iron M 1^— LWWr Vaawmi, a^ 
Antima Blank Inks— Odouied Wntmg Inks. — E j i a n dn a ti o n cd jMs^l 

Methods of Mannfaotoe— Manufacture of Vainiah— PrepamtSon^ . 


Dor opecuu jtuejuiww— wkib**" 
qwi of a gemiui<dy practical ocder 

LONDON : CHAINRS ORIi^ & CO., LTD, STRHST, STRAND. 
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CHAHLMS GRIFFIN Ai GO *S PGBLIGATIONS, 


PAINTS, COLOURS, DYEING, AND THE TEXTILE 
INDUSTRIES. 

TREATISE ON COLOUR MANUFACTURE (Preparation, Examination, and 
Applieation of Pigments) By Gsokge Zebb and Dr Rttbevoakp 
IR lngbah Edition by Dr 0 Mayeb, of Burgdorf Profusely Illustrated 
30s net 

TESTS FOR COAL-TAR COLOURS IN ANILINE LAKES By GsoBaB 
^TBTtR Translated by Dr C Mayer In Medium Syo Cloth 
lOs 6 d net 

PAINTING AND DECORATING. A Complete Praetieal Manual By W J 
Peaboe Fourth EnmoH, Reyised and Enlarged Profusely Illus- 
trated, and \nth many Plates in Colours 12s 6 d 

IDEAS AND STUDIES FOR STENCILLING AND DECORATING By A 

Desaint In Medium Quarto With Designs m Colour and Colour 
Scheme 

PAINTERS* COLOURS, OILS, AND VARNISHES. G H Hurst, F C S 
ForTH IbmoN, il^vised and Enlarged By Noel SEbaton, BSc, 
mth CSiapter on Vami^es by M B Blacxler 10s 6d net 

PAIHTEBS* LABORATORY GUIDE By G H Hurst, F C S In Crown 
Syo doth With Dlustrations 5s 

A MANUAL OF DYEING. By E Kneoht, Ph D , Chr Rawson, F I C , 
and R Lobwenthal, Ph D Seoonu EnmoN, Thoroughly Revised 
and Rewritten 45s 

SYNTHETIC DYESTUFFS, and the Intermediate Produete from which they 
are Derived. By J C Cain, D Sc , and J F Thorpe, Ph D Second 
Edpezon, Revised With 7 Foldmg Tables 16s net 

DICTIONARY OF DYES, MORDANTS, AND OTHER COMPOUNDS By 
Ohr Rawson, F I C , W M Gardner, F C S , and W F Layoock, 
Ph D In Large 8 vo doth. Library Style 16s net 

SPINNING AND TWISTING OF LONG VEGETABLE FIBRES (Flax, Hemp, 
Jute, Tow, and Ramie). By H R Carter With Plates and Illustra- 
tions m the Text 16 b net 

THE COTTON WEAVERS* HANDBOOK. By H B Hb^un In Cloth. 
Fully Illustrated 63 net 

BUYERS AND SEUERS IN THE COTTON TRADE. By H B Heylin 
With ChronologLcal and Statistical Chart 8s 6d net 

TEXTILE FIBBES OF COMMERCE (Oeeurrenee, Distribution, Preparation, 
and Uses). By W I Hannan In Cloth With Hlustrations 9s 
net 

BLEACHING AND FINISHING OF COTTON. By 8 R Trotman, M A , 
and E L Thorp, M I Meoh E I 6 s net 

TEXTILE PRINTING By E Kneoht, Ph D , and J B Fothebgidl 
With 13 Plates and 86 Patterns in the Text 36s net 

TEXTILE PRINTING By C F S Rothwbul, F C S With Dlustrations 
21 s 

DYEING AND CLEANING By Frank J Fabeell, MSo In Glothi 
With 76 Hlustrations TBcdm Edition Enlarged 6s net 

BLEACHING AND CALICO PRINTING. By Gborqb Dubbr, Assisted by 
Wm Turnbull doth 12s 6d 
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Jn Medium 8vo Handsome Cloth Pp 1 xm + 615 With 13 Plates 
and 80 Illustrations, also 86 Patterns mset m Text 36s net 

The PRINCIPLES & PRACTICE of TEATILE PRINTING 

By E KNECHT, Ph D , 4M> J B FQTHEKGILL 

Co»!EBNTS —Part I Introdaction — Pait II Methods of Punting —Part III Pre 
paration of Cloth for Fnntm ' —Part IV Preparation of Piloting Colours —Part V 
l^eatmeut of Goods after Pnoting —Part "V I Mordants — Paib VII Styles of Printing 
<a) Puect, (p) Dyed , (e) Insoluble Azo Coloiix , (d) Disehai^e, (e) Pesist or Beaeire, 
</) Kaised, (< 7 ) Piinting of Linings, (A) Metal Pimting, (*) Ciepon or “Czirap 
Part VIII Finisniig of Pnnted Calicoes— Pait IX Wool and Half Wool Pimting 
Part X Silk and Half Silk Printing — Ixhsx 

‘*This important book fills an admitted gap m textile htorature 

xery systematic **-^oumal of Soeuly of Dyero and C6l€f»mdx 


In Medium ^vo. Handsome Cloth Pp i-xi + 347 U ith 131 
Illustrations 16s net 

THE BLEACHING AND FINISHING OF COTTON. 

By S B TROTMAN, M A , F I C , axd K L THORP, M I Mech B 

Contents —Structure of Cotton Fibre —Constituents of Cotton Fibre —Cotton testing 
— Carbohydrates — Water —Bacteria in Bleaching —Cotton Piece Goods —Steeping — 
Transmission of Cloth— Alkali Boiling —*30ap —Soap Making— Oiwio bediente — 
Keirs —Washing Machmes —Bleaching and Bleaching Powdei —Bleaching and Soaring 
Apparatus —Sodium Hyx>ochlonte and Electrolytic Bleaching Solutions —Other Bleach 
mg Agents — Sonnng Acids and Sourmg Apparatus —Processes —Coloured Goods — 
Stains and Biscolourations- I<mishing*and MAtenals Used — Mamdinsr, Drymg, and 
Conditioning — Stiffening and Mangles — Anziliajy M ichines and Processes — ''^tenters — 
Beetling — Calendering — Fmishmg Piooesses.— Index 
“ Beserres the attention of practical bleachers, and ve can recommend it to them 
with confidence Tearfi* Mtnmry 


In Medium 8vo doth Pp i-xvi -{- 360 With 161 Illustrations 

I6s net 

THE SPINNING AND TWISTING OF LONG 
VEGETABLE FIBBES 


<FLAX, HEMP, JUTE, TOW, St RAIHEE). 

A Practical Manual of the most Modem Methods as implied to the Hacklmg, Cardingt 
Preparing^ Spinning, and Tmisting of the Long Vegetable Fibres of Oommerae 

Bt HERBERT R CARTER, of Belfast, Ghent, and Lille 

OoxiBNTs:— Long Vegetshle FHzecs of Commeroe — ^Rise and Growth of the Spimung 
litdiistey*— Baw Fibre wartote and Furehase of MatenalsL— Storing and Pzdinunaiy 
OpGEntiira of Batching, TTmfing , Breaking, and Cutting — ^Hackling ^ Hand 

jyruT Gbst and Speed of Mseiuning — •Soittiig, and Mam^ement of Hackling 

Z)ept — Ptfflpanng Ptmartnieiat — SUver Foimation. — ^Tow Oti i di Tig and Mixing — ^Fze- 
parmg, I)rawing and JDoiiNizig, and Tow Oombmg — Gill Spuming — ^Bope Yam. — ^Binder 
Twma— Tcawl Twme and Shoe Thieada— TheJta, Hemp, Jute, and Bovmg 

Frame — Dry and DemrSeo Spmxungof Flai^emp, Jute, and Banue —The Wet^iliitilig 
of Flax, Hemp^ and Banue Tams — Flai^emp, Jute, and 

Yam Beehng; Wtndmfe Ihyxiig; Cooing, and Bundling — tf anufa ctnie of OCTareiKfe TifnHNt 
and Cords — Bopelwasg.— Weight of Box>es — Mechanical Depaitinoat 
Fluting. — ^Hadde-Setting — ^Wood Turning — Oils and Oilmg — 1(91 CbiiriW geftg 
Heating Tii ghtmgj Ventilation, and Humidification. — ^Boihxs^ we,*— wwtr 

TiansmissKm — IimEX. 

" The WHODB SUBJECT IS BXHAUSTI7B1T AND ABLY DBAZS? WHH bf ifr CSwtir, 
the lett^iess is illustrated by an abundance op Exusexam - • JlJe 

book IB THE WOBX OP A TBOHNiaAL EXPHOlT, WhO CaH POt hffi kOMI^mP^ IW 

and it 18 WOBXH the attention op aid conecned w$£h the Ma WBic fi toMimd ^ 

Dyer and Caltoo Printer 
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GffiRLSS GRIFFIN ct GO’S PUBLICATIONS 


A TEXT-BOOK OF PHYSIOS. 

By J H. POYNTING, Sc D , I* R.S , 

Piofessor of Physics, Biimingliani University, 

And Sir J. J THOMSON, MA, PBS., 

fioteasoi of Exp^imeiital Physics ui the Cniieisity of Cambiidge 

Ib Five Volumes. Large 8vo. Sold Separately. 


InTBODUCTOBTT VoLOMP FiprH Editioi, Bevised Fully Illustrated. 

10s 6d 

PROPSROdBS OF IMClL'rrrRR. 

( oivTBirrB — Gravitation --The Acceleiation of Giavxty ~ Elasticity — Stresses 
Strains Torsion —Bendn^ Of Hods— Spiral Springs — Collision —Compressibility of 
Liquids,— Pressures and volume s of Gases — Tbemial Effects Accompanying Strain 
CapOlanty —Surface Tension— Laplace^s Theory of OapiUanty — biffusion of Liqmds — 
Diffasion of Gases — Viscosity of Liqmds — Index 
“ We regard this book as quite mdlspensable not merely to teachers but to pliysit ists of everv 
grade above the lowest *— umvetstty Correapondent 


Volume II Fifth Ebetion Fully Illustrated Price 8b 6d. 

S O IX ID. 

OoviBNTs —The Nature of Sound and its chief Charaoteristics —The Velocity of Sound 
in Air and other Media — Reflpoilon and Bifrsotion of Sound —Frequency and Pitch of 
Notes > Besonanoe snd Forced Oscillationa —Analysis of Vibrations —The Transverse 
Vibrations of Stretched Strings or Wires —Pipes and other Air Cavities —Bods —Plates 
—Membranes —Vibrations maintained by Heat —Sensitive Flames and Jets— Musical 
Sand —The Superposition of Waves Indfx 

** The work maybe lecommended to anyone desirous of possessing an sast 

UF-TO-DATF Stakdabd Tbbatisb on Acoustlos ' -^Ltiefaiure 


Volume IIT Fourth Edition, Revised Fully Illustrated Price 15s 

H S JL T. 

ComrBNTS — Xemperatme —Expansion of Solids —Liquids —Gases — Circulation 
and Convection —Quantity of Heat, Specific Heat —Conductivity —Forms of Eiieigy,. 
Conservation , Hecnanical Eqmvalent of Heat — ^The Kmetic Theory — Change of State ^ 
Liquid, Vapour — Cntical Points —Solids and Liqmds —Atmospheric Conditions — 
Radiation —Theory of Exchanges —Radiation and Temperature — ^ermodynamics — 
Isothermal and Adiabatic Changes — Thennodynamics of Changes of State, and Solu 
tions —Thermodynamics of Radiation —Index 

'*Well up-to-date, and extremely clear and exact throughout As clear as 

It would he possible to make such a text book * --Nature 


Volume IV In Three Parts — Two Bound Volumes 

ELECTRICITY & MAGNETISM. 

PARTS I <Ss U In Cloth Pp i-xiv + 246 Price lOs 6d 

STATIC ELECTRICITY AND MAGNETISM. 

CONTENTS — Common IPhenomena — Quantity of Electrifloation — Inverse Square 
Systems — ^Electnc Strain, produced in a Field — ^Foroe on a Small Charged Body m the 
Field — ^Potential — ^Energy m Blectriflod Systems — ^Measuring Potential and dapaoity 
^Dielectric, Specific Inductive Capacity, Residual Effects — ^Spec Ind Oapaoify and 
Refractive Index — Stress in Di^ectric — Alteration m Di(deoteic under Strain— Pyro 
and Piezoelectricity — ^Magnetic Actions — Molecular Hypothesis of Magnets — ^Magneta 
ottier -than Iron— Inverse Square Law— Magnetic Fields —Induced Magnetism — 
Feimeahility — Measurements of Susceptibility and Permeability —Terrestrial Magnetism- 
—Magnetism and Light — ^Index 

PART III — ^Is in the Press 


VOLUME V JL X O R! T — Is m Preparation. 

LONDON : CHARLES GRIFFIN & CO , LTD , EXETER STREET, STRAND. 








